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CHAPTER I. 

INTRODUCTION. 

General. 

Tliis memoir embodies the results of work carried out by the 
author in the field seasons 1924-26, 1925-20, 1926-27 and 193<'-.‘ll. 

The hiatus was caused by his appointment as 
«liM^ "***' Curator of the Geological Museum, Calcutta, 

and his subsequent absence upon leave. Map- 
ping was done on the scale of one inch to the mile on the following 
sheets of the Central India and Rajputana Sun’ey (old numbers 
are given first, the corresponding new numbers being in paren- 
thesis) : 75 (45 D/1 and 6), 76 (45 D/2 and 6), 77 (46 D/3 and 7), 
93 (45 C/ll and 16), 94 (45C/12 and 16), 95 (45 D/9 and 13), 96 
(45 D/10 and 14), 97 (45 D/ll and 16), 117 (46 G/4 and 8), 118 (45 
H/1 and 5), 119 (46 H/2 and 6), and 120 (46 H/3 and 7). Thus 
the whole of Sirohi is found on degree sheets (one inch to four miles) 
46 C, 46 D, 45 G and 46 H. 

It has been found convenient to refer to the one-inch map sheets 
throughout the memoir. To facilitate this reference, the accom- 
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panj'ing text-figure (Fig. 1) has been inserted to show their notation 
and distribution. In this figure it will be noted that the longitude 
of the boundary between sheets 46 C and G and between 46 D and 



Fiq. 1.— Sketch map showing the distribution and notation of the old one-inch sheets 
of the Central India and Bajputana Surrey, and, also, of the now degree (four miles 
to the inob) sheets on which Sirohi State is found (the longitudes are those of the 
old one-inch sheets). 

H differs from that dividing sheets 94— 97 from sheets 117 — 120 
respectively. The longitudes given on the map are those of the 
old one-ineh sheets. For precise details of latitude and longitude, 
recourse may be made to the index provided at the end of the memoir. 
Xlie figures ftar longitude given in that index have reference to those 
the new quartev-indh rimets. 
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Area and poiilion. 


The geological survey of Sirobi was undertaken as part of the 
general ren^urvey of Rajputana and, also, in oonsequenoe of obUg 
^ . ationa entered upon with His Highness Maharaj- 

euon orsurver. Maharao 8hri Sir Samp Ram Singh 

Bahadur, K.O.S.I., of Sirc^i. 

Sirohi State is situated in the south-western part of Rajputana, 
roughly between the parallels of 24® 20' and 26® 17' north latitude 
and 72® 16' and 73® 10' east longitude ; it 
has an area of 1,964 square miles^ and is 
eleventh in sise among the twenty states and ohiefsbips of the Raj- 
putana Agency. Its area is approximately that of the county of 
Northumberland. Sirobi is bounded on the north-east, north and 
west by Jodhpur ; on the south by Palanpur and Danta ; on the 
south-east by Idar ; and on the east by Udaipur. Its greatest length 
from north to south is nearly sixty-four miles and its greatest width 
from east to west about fifty miles. 

According to the census of February 26th, 1931,* the populat- 
ion of Sirohi State was 216,165 of whom 111,687 were males and 
104,698 females. This is an increase of 29,546 
or 16*8 per cent, over the census of 1921. 
The Mount Abu district had a population of 4,626 of whom 2,687 
wore males and 1,839 females. The State is named after its capital 
Sirohi, besides which there are only four towns, Abu Road (Karari), 
Seoganj, Abu and Krinpura Cantonment. Large villages include 
Kalandari, Mandar (Madar), Pindwara and Rohera. According to 
Tod, in his ‘ Travels in \\’^e8tern India ^ the name Sirohi may be 
derived from its position at the head {sir) of the desert {rohi),^ 


Population. 


Physiogri^hy. 

The chief physiographioal feature of the State is the range of 
bills exbmding from near Krinpura in the north to {>ast Abu in the 
south. The mtissif of Abu culminates in Guru 
rangcl*** Ahu-Brlnpura 6,660 feet above sea-level, and is separ- 

ated by a narrow valley on the north from 
the hills running N, N, E. to Erinpura. The general level of Abu 
hill station is only about 4,000 feet, but rising sheer from the plains 
on the east and west, the Abu massif is an impressive sight. Con- 

^ This figure inoludoa tbe Abo distriot of six square miles which is leased to the Goy- 
omment of India. 

« Oazm cflmdia, (21st Maroh, 1261). 

’ Rajputana Qaietteer, III A, p. 222, (1200). 
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sidered as an entity, the Abu Erinpura range divides the State into 
two not very unequal parts which may be termed the eastern and 
western parts. This central range of hills has hindered the develop- 
ment of the State from an economic standpoint. Thus whilst the 
r^astern part has had easy access to the railway line running from 
Ajmer to Ahmedabad, with the stations of Pindwara, Bohera, 
Banas, Abu Road, etc., the western part, containing Sirohi town, 
Kalandari, Anadra, etc., was, until recently, joined with the railway 
by but two bullock-cart tracks. 

The Durbar, however, has practically completed the construct- 
ion of a fine motor road from Sirohi to Pindwara, its nearest rail- 
way station, and this should greatly assist the 
development of the w^estorn part of the State. 
Beiort' the advent of the railway, the western })art was better pro- 
vided with means of transport, inasmuch as the mam military road 
from Ajmei to Ahmedabad passed through this legion. This load, 
however, has been allowed to fall into disuse. 

Other good roads which may be mentioned are those from Abu 
Road to Abu, and from Abu Road to Amba Mata temple in Danta 
State. The former is a fine piece of engineering and rises in some 
16 miles from 857 feet above sea-level at Abu Road to 4,000 feet 
at the hill station. 

Both the eastern and western parts of Sirohi are intersected 
by numerous watercourses, which become torrents of greater or 
beds lesser volume in the rainy season, but which 

^ ’ are dry during the greater part of the year. 
These streams discharge into the Luni and western Banas river. 
On the western side of the Abu-Erinpura lange, most of the streams 
north of 24° 45' flow northwards; those south of this latitude flow 
to the south. On the eastern side of the Abu-Erinpura range, the 
streams north of about 24° 63' flow northwards, those to the south 
of this latitude flowing to the south. Accordingly, though the 
main physiographical feature is the N. N. E.-trending Abu-Erinpura 
range, the main watershed of the State trends approximately east 
and west. 

The ‘Aravalli’ hills, using the term in its physiographic sense, 
form a wall upon the eastern frontier of the state. Other important 
hills are Nandwar (3,277 feet) in the west 
(sheets 76 and 96) and Jairaj (3,676 feet) in the 
south-west (sheet 97). As these rise sheer from the plains, they 
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Bants river. 


form impressive masses. The reader may be referred to the text 
for frequent mention of other hills, less important physiographically, 
but more important geologically. 

The chief river in the State is the Western Banas which, rising 
on the eastern flanks of the hills east of Sirohi, flows for some 50 
miles in the valley between Abu and the 
‘ Aravalli * hills till it enters Palanpur near 
Mawal ; it eventually loses itself in the sand at the head of the Bann 
of Cutoh. Its most important tributary in Sirohi is the SukJi 
(Sipur) which has two branches, the western and the eastern. The 
former rises in the hills near Jlantrai (sheet 9G) ; the latter eoirus 
from the Sanwara hills (sheet 96) and the north-western slopes 
of Abu. 

The most important of the north-flowing 
streams are the Krishnauti, Khari, Kachnaiili 
and the Kapalganga rivers, all of which are 
eventually incorporated in the Luni. 


Climate. 


Climate, Flora and Fauna. 

The climate of the plains is dry and the cold season, thoi gh 
short, is very agreeable. The average annual rainfall at Sirohi 
is only about 20 inches, nearly all of which 
falls during the short rainy season. The mean 
temperature at the town of Sirohi is about 84°F. Abu is the hill 
station for Rajputana and enjoys a much more equable climate 
than the plains. Its average rainfall is about 57 inches and mean 
temperature about 69° P. 

A considerable portion of the State is covered with trees and 
bush jungle ; there are also several large grass reserves. Kear vil- 
lages, such trees as nim {Azadirachia ivdua)^ 
pipal (Ficus reliffiosa), gular (F, glomcrafa), ban- 
yan or bar (F. bengalejisis), ber (Zizyphus jvjuha), mango (Mang- 
ifera indica) and the tamarind are common. The l ush jungle varies 
according to the nature of the ground. The Jcliair (Aeacda cafcclm)^ 
dhao (Anogeissxis latifolia) and thor (Euphorbia niriijolia and E. 
royleana) are commonest on rocky ground. On sandy and alluvial 
country, anwal or atml (Cassia aurietdata), the bark of which is 
gathered and sent to the tanneries at Cawnporc, ak or okra (Calo^ 
tropis procera, the flowering shrub of the desert), dhaJe or pedas 
(Butea froi%do8a, the * Flame of the Forest'), khyra (Prosopis 


Flora. 
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spicigem), baM or kikar {Acacia arabica),jkcd or pUu (Salcodom pcfcica 
and S. deiodea), kard {Gappans aphyUa) and htr {Zityphna Htm- 
vitdaria) are found tlurougliout the State. 

The slopes of the higher hills, and of Abo espeoially, support 
a great variety of trees and shrubs with many species and genera. 
Fult details oonce ruing these rrill be found in the Rajputana Gazett- 
eer.* 

The fauna is varied but not very plentiful. Of big gatne, pan- 
ther and bear are still shot in fair quantity. There are large num- 
bers of chikara (Indian gazelle) with fewer 
nilgai (blue bull) and black buck. Wild dogs 
were not observed but jackal, foxes and hysena abound. Recently 
wolves have made an appearance in the north-western part of the 
State. 

As regards small game, several varieties of partridge, sand 
grouse and quail and numerous hare are the commonest. Jungle 
fowl are rare except on the slopes of Mount Abu. There are few 
large expanses of water and the evaporation is so large that most 
of the ‘ tanks ’ dry up at the end of the cold weather. Accordingly 
duck, teal and snipe are rare. 

The Oirasias, who inhabit the hilly country towards the Udaipur 
frontier, are great hunters and practically every man carries a bow 
and arrows; guns of varying antiquity are numerous amongst the 
inhabitants of the plains west of Abu. Accordingly it is not to be 
wondered at that game is relatively scarce in the State. 


Previous Workers and Records. 

In the field season, 1887-88, C. A. Hackct worked on the western 
side of the Aravalli range including portions of sheets 74, 75, 93, 

r A lAAf M Nothing with regard to 

c. A. nackei, 1857.88. published except a brief 

note stating that little further way had been made towards a sol- 
ution of the geology of that region.^ 

The following is an extract from his progress report for 1867-88, 
his last season in the field : — 

‘ The rooks within the range that is east of Mt. Abu have already been fully 
desotibed. They consist of slates, limestones and quartzites intercalated with 
bands of more hi^y metamorphosed rooks in the form of gneiss, t oodld never 
separate these bands of gneiss from the less altered slates and limestones ; in tact 
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fh»y appeared to alternate ami to pass Into each other. This metamorphism 
also extends up to the highest rocks in the section, the Delhi quarteite and 
has locally converted it into gneiss, 

‘ But outside the range, that is west of Mt. Ahu, the metamorphism 

appears to have been much more intense and only a few unimportant bands of 
the recognixablo gneiss beds of the Aravali series are met with. 

* The slates and limestone mixed with the gneiss to near the Abu road station 
about four miles east of the mountain, but west of that occurs a wide spread of 
gneiss with only an occasional band of limestone in the form of marble mixed with 
it. 

‘ Mt^ Abu has always been described as an isolated hill, but this is hardly corr- 
ect as it forms part of a wide range of gneiss, divided it is true, by narrow passes. 
This band of elevated, highly porphyritic gneiss is widest at Mt Abu being there 

8 to 9 miles in width, it extends in a S. 8. W, direction beyond Siroheo a 

distance of nearly 50 miles. 

‘ The gneiss of this range is very felspathic and highly porphyritic crystals 
of felspar of 8 or 4 inches in length are not uncommon, 

‘ In sheet No. 75, the gneiss extends half-way across the sheet, 

when a large spread of Malani beds comes in and west of which tiie whole country 
is covered by sand and not a rook seen. Some of the wells here are at least 200 
feet deep all in sand from top to bottom. 

‘ In sheet No. 74 even fewer rocks are exposed and that only on 

the eastern side and only occupy one large group of hills and several small hills. 
They are all formed of gneiss similar to that of Mt. Abu. 

‘ The only other rocks soon in the area N. of Mt. Abu are the Malani beds. 
Those bods were first described by Mr. W, Blanford as occurring in Malani and 
at Jodhpoor. T have seen those at Jodhpoor and when 1 came to this area 1 was 
so struck with the similarity of the two that I do not doubt that these are the Malani 
beds.* 

In his ‘ Manual of the Geology of India Oldham notes^ that 
* the gneiss of Mount Abu and its neighbourhood is said to be highly 

D n felspathic, massive, and crystalline, but occa- 

Kft umiiaiii, loys. *11 # t • . 1 ■« « 

sionalJy a few schistose bands occur . 

A find of copper and gold was reported by Captain F, C. Hughes 
of the Erinpura Irregular Force near the village of Rohera. The 
place had evidently been worked to a consid- 

P C Hfiffhiifl Mtixf T fji *' 

Touche, IMTmdlMCir ®ral>le extent for copper in anoient times ac- 
cording to La Touche.* The old mine was 
nlled with debris and was not excavated to a sufficient depth at 
the time of La Touche’s visit to enable him to judge of the extent 
of the deposit. He stated the gold occurred in a pjTitoiis schist 
associated with copper-bearing schists, but did not appear to exist 
in workable quantitj-. 



8 


OOULSON : GEOLOGY OF SIKOHI STATE. 


Upon the arrival of the author in Sirohi, he was given a copy 
of what were said to be the observations of Captain (later Colonel) 
F. C. Hughes in his report to the Resident, Western Rajputana, 
on the mineral products of Sirohi State. It is not proposed to quote 
these observations as the author has been unable to obtain the 
original report. 

The following short account of the geology 
1909 *^****^"* ^*^*^**^^*^’ Sirohi appears in the Rajputana Gazett- 
eer : — ^ 


* The whole of Sirohi is occupied by schists and gneisses belonging to the Arav- 
alii system, traversed by dykes of granite. Mount Abu is formed of a highly 
felspathic, massive and crystalline gneiss with a few schistose beds. Traces of 
gold were found in some ferruginous bands of quartzoee schist near Hohera railway 
station in 1897, and the remains of old workings, which do not appear to have 
been more than prospecting trenches, are to be seen in the neighbourhood.’ 

The same gazetteer contains the following account of the minerals 
found in the State : — ^ 

*The minerals of the State are unimportant. Traces of gold were found by 
Major Hughes (of the 43rd Eiinpura Begiment) near Hohera in 1897, and accord- 
ing to tradition, a copper mine was formerly worked in the hills above the town 
of Sirohi. The marble of which the Jain temples at Abu are built is said to have 
come from near the village of Jhariwao on the south-eastern frontier. Lime- 
stone is quarried at several places, notably at Selwara (west of Anadra), Morthala 
(near Abu Koad), and in the vicinity of Sirohi, and mica has been found in large 
quantities near Deldar in the south-east. Good bricks can be made from the 
stiff clay soil formed in the valleys on Abu by the crumbled felspar, but the general 
absence of limestone is a serious inconvenience ; the granite of the hill is used to 
a considerable extent for building pmposes, but, as it breaks very irregularly in 
quarrying and is extremely hard, it is expensive to work and not well-adapted 
for masonry. Fragments of mica are met with in different parts of Abu, and fine 
specimens of rock-crystal are occasionally picked up. Lastly the compact blue 
slate, on which the mass of granite rests, crops up here and there on the hill, and 
is useful for flooring barracks and other purposes where a strong durable stone is 
required.* 

The progress of the author’s work in Sirohi has been noticed in 
the General Reports of the Geological Survey of India for the years 
1925,* 1926,* 1927,* and 1931.® With new evid- 
ou on. furnished by other parts of the State, 

it has been found necessary to modify certain of the views expressed 


iIII A, p. 232,(1909). 

*Op. eiU, p. 266,(1909). 

* Bee, Oid. 8urv. Ind., LIX, pp. 102-104, (1927). 
*Op. eiU, LX, pp. 112-116, (1928). 

» Op. c«., LXI. pp. 131-132, (1929). 

• Op. eit^ LXVI, pp. 136-137, (1932). 
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in the earlier progress reports. Accordingly this memoir may be 
taken as expressing the author’s final views as regards the correlat- 
ion and age of the various rocks found in 8irohi. 

The author has published thiee |)apeis of mineralogical interest 
concerning Sirohi rocks and minerals, viz., ‘On a Titaniferous Augite 
from Chandrawati, Sirohi State, Raj])utana ’ ‘On the Zoning and 
Difference in Composition of Twinned Plagioclase Felspars in cer- 
tain rocks from Sirohi State, Eajputana ^ and ‘ The Albjte-Ala B 
Twinning of Plagioclase rels])ars in certain acidic rocks fiom Siiohi 
State, Raj})utana Relevant refeience to these papers will be made 
in the text of this memoir. 

Dr. A. M. Heron, Superintondent-in Chaige of the Rajputana 
Party of the Geological Survey of India, paid visits of inspection 
to Sirohi State as follows Doceniber. 1 926, 
to the neighbourhood of Sindret (sheet 95) and 
to Abu ; in Januaiy, 1929. to the frontier region of Siiohi and Udai- 
pur in the neighbourhood of Waloria and Bori ki Bhuj (sheet 11 9); 
in March, 1930, to the 'Waloria (sheet 119), Sindnt (theet 95) and 
IJiidwaria (sheet 96) areas; and finally, in A]>ril, 1931, to Abu and 
the frontier district with Udaipui. cast of Pindwaia (sheet 118). 
During his last visit, Di. Heron vas kind enough to join ii}) the 
author’s work in Sirohi wjth that of Dr. P, K. Ghosh in Jodhpur 
to the north, and his own and Mi. J. B. Auden'.s work in Udai] ur 
to the east. The author is in posseswon t)f copies of Dr. Heron’s 
notes concerning his 1929 and 1930 visits and, where quoted, due 
acknowledgment has been made in the text. 


A. M. Heron. 


Workers in Contiguous Areas. 

Backet mapped the rocks across the border in Udaipur as Arav- 
alli. The area to the east of Erinpura is shown on his map of 
the ‘ ArvaJi Region, Central and Eastern 
but that to the south of Erinpura is nncolourtd. 
Frequent reference will be made in the text to La Touche's 
able description of the area to the noilh and north-west of Sirohi 
State.® In his ma]) of Wesfern Rajputana 
accompanying his memoir, La Touche has col- 


C. A. Hacket. 


T. H. D. La Toache. 


* Bee. Geol. Sutr. liui., LXITI, pp. 448-450. (lO.nO). 
a Op. cit., LXV, pp. 163-172, (1981). 
a Op. ett., LXV, pp. 173-184, (1931). 

« Rec. Otol. Svrv. Ind., XIV, (1881). 

» Mem. Oeol. Snrv. Ind., XXXV, pp. 1.116, (1902»- 
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cured the bills around Ban (sheet 94) as ‘ Aravalli schists and quart- 
zites * and * Erinpura granite ’ ; those around Gol on the same i^iheet 
are shown as Aravallis. He states in his te:^ct that he did not visit 
the hills in question as they were mapped by Hacket. However, 
according to the originals of his one-inch maps stored in the office 
df the Gleological iSurvey of India, Itacket mapped the northern 
part of the Las hills as rhyolite, and the southern region as gneiss 
(=sErinpura granite) ; the hills near Gol are shown as rhyolite. 
This is in accordance with his progress report quoted above. 

Middlemiss has described the geology of Idar State, which lies 


to the south-east of Sirohi.' Constant refer- 
emis. ^ important work. 

Mt. Sharma has recently published a preliminary note on the 
geology of Danta State* and it is understood 
aniia. ^ larger paper will follow shortly. 

The Rajputatia party of the Geological Survey of India, under 
the active superintendence of Dr. Heron, has been mapping in the 
A. M. Heron J, B* adjoining states of Jodhpur and Udaipur. 
Andoitt H. K. Qhosh ami Every effort has been made to correlate the 
B. C. (hipta. Sirohi rooks with those in other parts of Raj- 


B. C. Qfipta. 


putana, And the reader is referred to the text for mention of indiv- 
idual workers. l)r. Heron is at present compiling the results of 
his many years* work in the central parts of Rajputana. Frequent 
reference will be made to his previous papers on Rajputana, the 
chief of which is his memoir on the geology of North-Eastern Raj 
putana and its adjacent districts.* 


AckiidWtedgiii6iit»w 

The authbr wishes td reootd his sinoerest thanhls to Dt. A. M. 
Heron, Superintendent-in-Gharge of the Rajputana party of the 
. u u Geological Survey of India, of whioh party 

the authot vas a member. He has freely dis- 
cussed with him personally and by correspondence the problems 
aHsing during the elucidation of the geology of Sirobi and t)r. 
Hbron never failed so oo-opbrate in this connection. Throughout 
thb teirt Of this memoir, the Author has endOavonred to give due 
acknowledgment to Dr. Heron’s views ; but the value of personal 
discussion of problems as they arise oatmot be overestimated. 

1 Mem. Ceoi. Bure. Ind., XLIV, Pt. 1, pp. 1.166, <1621). 

* Q. J. Oed. Min. Met. Boe. Ini., Ill, pp. 17-2S, (1981). 

• Mem. Oed. Sere. Ind., XLV, pp. 1-128. (1917). 
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Whilst on study leasre on the Continent, the author had the 
privilege of working at certain of his Sirohi specimens in the mineral- 
Study leave ogical laboratory of the National Museum of 

Natural History, Paris, and in the mineralog- 
ical and potrograj>hical institutes of the Universities of Basel and 
Bonn. He wishes to record his gratitude to Professor A. Lacroix 
and his staff, to Professor M. Reinhard, and to Professor R. Brauns 
and Dr. K. Chudoba for their constant interest during his visits to 
these institutions. 



CHAPTER II. 


ROCK FORMATIONS PRESENT AND SUMMARISED HISIORY 

OF THE AREA. 

List of Formations. 

The follo'wing is a list of the rook forniations found in Siiohi 
State : — 

Post-Tertiary and Recent : — ^Wind-blown sand, talus, alluvium, 
and conglomerates, etc. 

Post-Malani basic intrusives (? Purana) : — Dolerites. 

Malani system (? Purana) : — Idar granite, porphyries, rhyolites 
and dellenites. 

Post-Brinpura-gianite but pre-MaJani basic intrusives : — Doler- 
ites, epidiorites, gabbros, pyroxenites, picrites, basalts and 
sodalite -syenites. 

Post-Delhi but pre-Malani granitic intrusives Erinpura gran- 
ite and accompanying quartz-reefs, pegmatites, and ap- 
lites. 

Delhi and post-Delhi but pre-Erinj)iira-gianite, basic intrus- 
ives : — Dolerites, ejiidiorites, amphibolites, hornblende- and 
aotinotite-schists. 

Delhi System ;—Ajabgarh series — 

3. Limestones and calc-rocks, with associated basic rocks. 
2. Mica-schists and thin quartzites, with abundant assoc- 
iated basic rocks. 

1. Quartzites. 


VnconformUy. 

AravalU System (Archiean) Mica-schists, phyllites, shales, ci 3 st- 
alline limestones, quartzites, grits and conglomerates, with 
? contemporaneous tuffs and lavas. 

Summarised History of the Area. 

Those seeking paljcontological records must turn elsewhere than 
to Sirohi, for in all the rock formations, no single trace of a fossil 
organism has been noted. Nor is this to be 
wondered at when it is realised that if the 
( 12 ) 


tto feulli found. 
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rpocnt alluvium and sand bo excluded, the stratified rocks cropping 
out in the State belong to the Archcoan and Purana, the former 
being laid down before the dawn of life on the earth, and the latter 
formed when life perhaps consisted merely of soft- bodied invert- 
ebrates. 

Whilst the correlation of the Aravallis and Dclhis with their 


rcf)resentatives in other parts of Rajputaiia and elsewhere is im- 
portant, the chief fcatuie of interest in the 
interest!*** *^^^*^ ^* ^***^* Sirohi lies with the igneous rocks 

contemporaneous with, intrusive into, and ex- 
truded over the Aravallis and Delhis. These, roughly, are of two 
kinds, acidic and basic. 

Igneous activity of basic character occurred during Aravalli 
times, and basic tuffs and lavas are interbodded with the earlier 

menib(jrs of this system. I'he later members 
Aravalli.******^ ******^ Aravallis seem free from contemjKir- 

aneous igneous rocks. 

There is no posiiiv(; evidcnice in Siroln of the intrusion of igneous 
ro(?ks, acidic or basi'\ it the close of tJic Aravalli period when these 

Unconformity bet- ujililtcil and folded, or during the 

ween Aravallis and time interval that cla])sed before the laying 

*^®^**’ down of the Dclhis upon the eroded edges of 

the Aravallis, Rocks of the liaialo system and tlio lower members 
of the Delhis, comprising the Alwar series, Kiishalgarh limestone 
and llornstono Breitcia, are not found in the State. 

The Delhis found in Sirohi have been ascribed to the Ajabgarh 
series. Basic igneous activity w^as renowned cither dining the laying 

Second basic phaso these rocks or shortly after, consti- 

Delhl or post-Delhi tuting the second basic phase. If these rooks 
but pre-BrInpura-gran- ^re not contemporaneous with the Delhis, they 
art' all at least pre-Erinpiira-granite. Ihey 
have been affected by tlie folding movements and metaiuorpliism 
immediately preceding the intrusion of the Krinpura granite and 
so are older than the granite. 

Granite rocks were next intruded into all the above rooks, this 
acidic jihase being of gigantic magnitude. The Firinpura granite, 
with its accompanying aplites and pegmatites, 
Brinp^ra gninltc^^** corresponds to the post-Dollii granites of othpr 
jiarts of Rajputana, and is by far the most 
important rock in Sirohi State. There is no evidence of the magma 
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of tliis granite over reaching the surface, though, of course, it would 
be extremely fortuitous were such evidence to persist throughout 
the erosion period that lias elapsed since its iutrusion. Tlie super- 
incumbent rooks, however, were greatly heated, shattered and 
metamorphosed, and faulting occurred . The roof, however, did not 
give way and the magma generally cooled with extreme slowness. 

Another scries of basic rocks was now intruded, this phase l>eing 
especially active in the western part of the State. These rocks 
Third haiic phase doleritcs or basalts, and are found in 

lNWt-BilMun*snuilte large dykes, and also in fine veins, intruding 
but pre-lnalanl. Erinpura j^anite. 

There followed another intrusion of acidic material on an im- 
mense scale, almost compaiable with the Krinpura granite'. Th.e 
chief rock is the Idar granite, but its hyp- 
acidic phaw and volcanic representatives are scarce- 
ly less important petrologically. Q’be intrusion 
of this Tdar granite was accompanied by faulting. 

The basic rocks ended the struggle for ascendancy with their 
fourth phase, certain basic roi-ks definitely intruding the Malaui 
rhyolites and porphyries. This jihase, however, 
PmI^SuImS*** ******* *~ >“i*ior importance compared with 

the preceding phases. The area has been quiet- 
ly eroded from the time oi intrusion of these post-Malani basic rocks 
to the present- day. 


Such in brief is the history of Sirohi, a series of intrusions of 

„ . . basic and acidic material into two fundamental 

offei tumtnary* ^ . le.i 

series and into each of the preceding intrusions, 

there being at least four basic and two acidic phases. 

Before proceeding to the detailed description of the rocks listed 
at the beginning of this chapter, the foUo\siiig 
Mapping. remarks concerning the mapping may not be 

inappropriate. 

The main loap accompanying this memoir (Plate 12) has been 
published on the scale of one inch to four miles, a quarter of that 
used in the field. The colours adopted for the legend have been 
chosen in conformity with those on maps of Bajputana previously 
published or to be published in the future. 

It will have been gathered that with basic rocks asoribed to 
four different ages, it is difficult in most places in the field to say 
with certainty to which of the four phases certain rocks belong- 
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General appearance is a useful criterion, but this is insufiicient in 
y tar the greater number of cases. Accordingly the outcrops of 
most of the basic rocks have been skovn by dots, a method admit- 
tedly imperfect but considered to be of more value than any scheme 
of a definiteness which may be unsafe to apply. 

Outcrops of the pegmatite which accompanied the Erinpura 
gram’te have not been sbpurn pn jii^latp t^pugh they were mapiMid 
on the one inch sheets. n 



CHAPTER m. 


ARAVALUi SYSTEM. 


Descriptive Subdivisions. 

Rocks belonging to the Aravalli system crop out in the western 

part of the State, approximately north-west of an imaginaiy line 

, joining Erinpura Road railway station (sheet 

PoKiUon and extent ' , ,, / i x /,»j\ nn i . * 

117) with vasra (sheet 97). Ihey do not, 

however, form the only rocks cropping out in this part of the State. 

They occur in the south-eastern corner of sheet 76 and in the north 

eastern corner of sheet 77, stretching from there into sheets 96 and 

97. Most of the western part of sheet 95 is covered with Erinpura 

granite, but there are isolated and continuous tracts of Aravallis 

in the central part of this sheet, in the south-eastern corner of sheet 

94, and in the south-western corner of sheet 117. 

For the purposes of description, the Aravalli outcrops Piav be 

corasidered as a series of roof-masses of greater or h'sser magniludt, 

set in Erinpura granite, which have escaped 

Subdivision for do- being assimilated or being stoped away bv the 
scriptive purposes. ® ,, /x ' x 

granite. Enumerating them from east to west, 

they fall into the following tracts or areas 


1. Sirohi-Erinpura tract, with isolated and connected masses 
of AravaUis stretching from Erinjiura in the north-east 
(sheet 117), south-west to south of Sirohi town (sheet 

95) . 

•2. Sindret-Undwaria tract, comprising the oldest members of 
the Aravallis and stretching from Pardi (sheet 96) S. S. M . 
to south of Undwaria (sheet 96). 

3. Dodia-Malgam tract, extending S. S. W. from near Dodia 
(sheet 95), through Baida and Ronella, to Malgam (sheet 

96) , where this tiaot joins with the sixth subdivisici' 
below. 


4. Dantrai'Kankudara remnaut/S, consisting of isolated roof- 
masses of Aravallis of greater or lesser size, chiefly along 
the direction (south-west) of an imaginary line joining 
Eankodara (sheet 95) with Dantrai (sheet 96). 

( 18 ) 
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5. Motagaun-Ualiwara remnants, similar to the above, but along 

a line running south-west from west of Motagaun (sheet 
95) to Haliwara (sheet 96). 

6. Anadra-Mandar area, a large si)rcad of Aravallis cropping 

out on sheets 76, 77, 96 and 97. 


The general strike of the Aravallis in the State corresponds to 
tliat of other parts of Rajputana, t.e., approximately N. E.-S. W 
, but there are local changes in direction which 

Strike and meta- will be detailed in the description of the various 
^ subdivisions. In general, also, the severity of 

the nietaniorphic imprint which these rocks bear increases as one 
passes south-westwards along the strike, due account being taken 
of the size of the outcrops in question. 


Sindret-Undwaria Tract. 

One may conveniently commence the description of the expos- 
uies by a description of the rocks occurring in the Sindret-Undwaria 
Lowest members of containing, as this does, the lowest mem- 

the Aravallis Slndret- hers of the systeni. The rocks themselves com- 
Undwaria tract. prise conglomerates, gjits, shales, phyllites thin 

quartzites, and slightly calcareous sliales, with interbedded basalts 
and tuils. Isolated outcrops are found in the alluvium to the north- 
west of Kirohi town (sheet 95), but the main outcrop commences 
Detween Goelli and Purdi and trends, at tirst, due southwards. Here 
the general structure appears to be in the nature of a dissected 
anticline, the conglomerate cropping out in the bed of the Kameri 
stream. Proceeding southwards, the lateral extent of outcrop is 
reduced from two mih‘s to one mile near Sindret, the mass of Malani 
rhyolites, delleuites and porphyries constituting Pamta Hill forming 
a ridge in the centre ul the tract. 

Towards Mirpur and Baida (sheet 95), the strike changes to a 
more S. 8. W. direction and the rocks become more metamorphosed. 
Near Sirori (sheet 96), the lateral width of outcrop has increased to 
some six miles. 

As far as can be gathered from the held evi(len<)e, the conglom- 
erate already mentioned appears to be the lowx*st member of the 
Aravallis in Sirohi, and as such is worthy of 
SMmt conglomerate detailed description. The first outcrop is found 
two miles £• S. £. of Pardi in the bed of the 


and grits. 
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Kameri etrcain, its dip being some 30® to the west ai^d the rock 
(42/283)^ being a coarse, easily weathered, gritty conglomerait^ 
What is presiunat)ly the same conglomerate is found lying horizont- 
ally in the bed of the same stream, some 2^ miles south-east of 
Pardi, and with varying di})s in the tributary of the Kameri, just 
west and north-west of Khomal. A quarter of a mile south-east 
of the horizontallj’^ bedded eonglomerate is a series of grits and shales 
with thin quartzites. These generally have a low easterly dip, the 
grits showing current-bedding. A section of a grit (42/290, 2119^^) 
shows fragments of shales, granite and quartzite with quartz, fel- 
spars, micas, iron-ore and ? altered gurnets. 

The Sindret conglomerate forms the bulk of the hill running 
north from the village of Sindret. Its outcrop here can be seen in 

Sindret HIIL 9 (P- 116), a special text-figure drawn in 

connection with the description of the Malani 
ro(;ks of the Sindret area. In its northernmost extension, it dips 
vertically, striking N.-S. The dip, however, lessens as one proceeds 
south, being first some 20®, and then 40®, to the west. The struct- 
ure of this region is complicated. 

The conglomerate here consists of large pebbles of quartz-pegmat- 
ite, quartzites, phyllitic mica-schisls, quartz- sebists and black shales. 
No pebbles of granite, gneiss nor basic igneous rocks were noticed. 
Abundant quartz, muscovite, felspar, biotite and fragments of shale 
were seen in a section of the matrix of the conglomerate (21211). 
The pegmatite pebbles are derived undoubtedly from some i»re- 
Aravalli acid derivative of some equivalent of the Bundelkhond 
gneiss or the gneissic complex.* A section (21212) of the black 
shale is uniformative, but presumably these representatives of strat- 
ified rocks belong to yet older members of the Aravallis or even 
pre-Aravalli rocks, which have suffertjd erosion before the laying 
down the Aravallis of Sirohi. The pebbles do not appear to have 
been transported any great distance. It might be emphasised here 
that the Sindret conglomerate is not thought to be necessarily the 
basal Aravalli conglomerate, but merely a local one, of no great 
extent and variable in nature, which appears to be the lowest 
member of the Aravallis occurring in Sirohi. 

^ Numbers suck as 42/283 refer to the registered number of the speoimen m the rook 
oolleetlon ai the Geoiogioal Survey dt India; numbers such as 21 198 refer to the legist- 
filled i^umbe^ fd the thin section in the ooileo^ion of the same Department. 

s Eeo. Qed. 8wrv, Ini., hty, p. 189 (1981). 
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Undwarifl. 


The Sindret couglomerate uear Sindret is intruded by the Krin** 
pura granite and its pegmatite and also by the Malani suite ei 
rooks. 

Just south of the Sindret Hill is a mass of conglomerate, sur- 
rounded by Erinpuia granite. There arc also a few isolated masses 
among the basic rocks to the south-west of 

Isolated outcrops of yiudict. Three exposures of conglomerate with 
conglomerate. x- i t x j x i x 

vertical dii>s were noted wtsl of ramta 

Hill, approximuU'l}' one mile south-east of Mamauli. It is possible 

that these also belong to the Sindret conglomerate, their matrix 

(21207) being very similar. 

Proce(iding southwards, there is a break in the continuitj oi 
exposures, tlie next and mooi southerly mass being found sonu' 
three miles south-east of Undwaria (sheet 9G). 
The numerous specimens and sbdes of this out- 
crop (:i0/14(i, 17120; J6/l]7, 17127; 30/150, 17120; 30/153, 1713J ; 
3G/J55, 17133) indicate the rock to be a conglonuaate with a coarse, 
angular, quart zose, gritty matrix. A definite banding of quartz 
and felspar pel)bles of varying sizes can be seen in the field. Quaitz, 
felspar and both micas are visible under the microscope and theie 
is a fair amount of sjdiene and ii on-ore in one Si^ction (17133). The 
specimens and se 4 )tions suggest that the constituents of this metamoi- 
pliic grit have not travelled any great distance to their final resting 
place. 

Certain thin beds of ferruginous shales appear to overlie the 
Sindret congloxnerate and grits in some places. They were noted 
in the V-shaped tongue between the north- 
ernmost extremity of the Sindret conglomerate 
in the Sindret Hill and the quartz-ix)rph) ry 
forming the backbone of the hill (see Fig. 9). Here, as is natural 
in a crushed area, they are highly shattered and possess varying 
dips. Similar shales were noted at the base of the conglomerate 
hill, south-east of Undwaria. Tliey are very similar in ajqiearnnce 
to the thicker beds of ferruginous shales which occur higher up in 
the stratigraphical sequence. 

Between the Sindret Hill and the Pamta Hill occurs an extremely 
interesting series of amygdaloidal basalts and tuffs, the exact age 
k* relationships of which caused considerable 

^ ^ trouble. These constitute what has been term** 

cd in a previous chapter the first basic phase (see p. 13). Just 
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west and south-west of Sindret, they appear to abut against the 
thin, ferruginous shales above mentioned. Their dips cannot be 
made out in the valley itself, but on the eastern flanks of the Pamta 
hill, they dip westwards into the hill, usuaUy at about 46®. Their 
outcrops cannot he followed continuously towards the north on 
account of alluvium, but near hill station 1,011 feet, they trend 
due north, dipping usually at a high angle to the west. Similar 
rocks are found on the extreme south-western flanks of the Pamla 
Hill, near Varela, and also near the conglomerate at Undwaria. 

It is often a matter of extreme difficulty to obtain conclusive 
field evidence of the contemporaneous formation of interbedded 
basaltic rocks. Definite evidence is wanting 
Contemporaneout age here, but the presumptive evidence of contem- 
prcMifited* poraneity has been considered sufficient. This 

is strongest between Ooelli and Pardi, where no signs of these basic 
rocks cutting across the general strike of the other members of the 
system were noted. It is realised that this alone is insufficient 
evidence of contemporaneity, as it does not exclude Infer ‘*111 inject- 
ion ; but as will be soon, the rocks consist mainly of tiifl’s and basalts, 
the injection of the former of which appears to create difficulties 
not necessary on tlie assumption of contemporaneous age. Two 
thin quartzite beds, which can be traced continuously along llieir 
strike, form datum lines easily recognizable. One of those rises 
to form the hill station 1,011 feet and in the valley betwwn it and 
the other band, and also between this second band and the rivei, 
occur tuffs and basalts intruded by quartz-epidote-pegmatite, Erin- 
pura-granite in age (42/286, 21194). A section (21191) of a tuff. 
If miles E. 8. E. of Pardi, shows a structure very similar fo that 
of the roclcs near Sindret. 

Most of the Sindret basic rocks are best de- 
altered, amygdaloidal basalts, but 
® ** have not always suffered the same alterat- 

ion. 

Sections (17042 A and B) show a chloritised basalt, with abunitant 
oalcite in the groundmass. There is a little residual augite and a 
large amount of iron-ore, but the chief interest of the rock lies in 
the feslpars, two of whi(fli were determined by the Federov stage. 
In 17042 B, there is an excellent example of a ^ right* Baveno twin 
of composition 70 per cent. An {see Plate 11, fig. 1); in 17042 A, 
the two individuals of a felspar lath, twrinned according to the 
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Carlsbad rule, have compositions of 55 and 70 per cent. An.^ 
Certain of the amygdaloidal basalts are palagonitised^ and albitised. 
In a specimen from one mile south-west of Khomal (36/112, 17091), 
the individuals of two felspars, twinned according to the Carlsbad 
law, have compositions between 0 and 5-10 per cent. An. It w^as 
noted in one case that tlic individuals forming the Carlsbad twin 
had not ‘ turned ’ tli rough 180® in the twinning formation. This 
slide also show^s delessite and celadonite.* 

In another am 3 ^gdaloidal basalt from IJ miles N. N, W. of Sindret 
(36/114, 17095), epidotisation has accompanied the palagonitisation 
and the felspars are greatly altered. There are what appeared to be 
possible pseudomorphs of d(*lessitc after olivine,* but delessite also 
lines the vesicles. 

An epidotised basalt from one mile south-west of Khomal (36/J13, 
17094) is interesting on account of the radiating masses of epidote 
it contains iu the ainygdales. These crystals have a densitv^ of 
.‘)*233 at 16® t\, determined by means of a mixture of ether and 
methylciu' iodide, using a Wcstphal balance. This is lower than the 
usual densities of epidote (3‘32-3*49),* but is slightly higher than 
the density (3*21) of the colourless epidote from Terra del Fuego 
described by Lacroix.® 

The plcoohroism of this Khomal e[»idote is as follow^s : — 

bght yellowish green, 

5= yellowish green, 
yellowish green. 

Absorption iC > b ) ^ 

Its indices of refraction for sodium light are : — 

aKa== 1-732 ± 0-001 
1-747 + 0-001 
1-759 ± 0-001 
Y— a= 0-027 


' A. L, Coalflon, Bee. OeoL 8urv. Ind., LXV, p. 171, (1931). 

• L. L. Fermor, op, eU*, LX, pp. 420-422, (1928). 

> L. L. Fermor, op. eii,, LVlIl, pp. 137-147, (1926). 

• L. L. Fermor, op. ciL, LVIH, p. 122, (1926). 

^ r. Tlintze, ‘ Haiidbiioh dor Mioeralo^e*, I«ip»ig, II, Tt. 1, p. 214, (1897). 

• A. Lacroix, Bull. 8oc. Min. fran^, a, pp. 150-151, (1887). See nho 0. Oceltei,. 
‘ Handbuch der Mineralcbentie *, Dresden, II, 2, p. 835, (1917). The lowest recorded 
densitif of epidote is 3*04, for a specimen front Su Porro. 



OOULSON : OAOliOOY Of SlftOHI STATE. 


These differ slightly from those given by Larsen.^ The mineral 
is negative. Actual measurements of the optic axial angle, using 
red light and correcting for the difference between the refractive 
index of the hemisphere (1*66) and that of the mineral* gave 2 V 
= 76°, Calculation by Bartalini’s formula* from the above values 
of the indices gave 2 V = 83°. 

Other minerals noted in the amygdales of this Khomal rock are 
quartz, calcite and ? celadonite. 

A very fine-grained rock (42/296, 21203) was noted three-quarters 
of a mile S. 8. £. of Angor. Its field relations suggest it to be poss- 
ibly an interbedded basalt. 

Two specimens were collected by Dr. A. M. Heron from the valley 
between Sindret and Pamta Hills. A section of the first (20904) 
is described by him as a tuft or greywack6. The oth^ (20904) 
is an amygdaloidal basalt, with abundant calcite, palagonitic min- 
erals and secondary quartz. 

Bocks similar to these Sindret basalts and tufts occur near the 
conglomerate, 2| miles £. 8. £. of Undwaria. One specimen of 
basalt (36/162, 17130) shows a fair amount of epidote and palagon- 
itic minerals. Efforts to measure the composition of the felspars 
by the Federov stage gave inconclusive results. Another specimen 
(36/166, 17134) shows the junction between a coarse heterogeneous 
tuft and one of the shales mentioned previously {see p. 19). On 
his visit to Sirohi in March, 1930, Dr. Heron noted a dark green 
(basic) amygdaloid near the top of the conglomerate ridge, but could 
not make out whether it was a lava interbedded with the conglom- 
erate or a dyke or sill. 


Frequent mention has been made of thin quartzite beds in these 
lowest members of the Aravallis. They generally form ridges which 


Tkin quartzHes. 


rise to a small elevation over the neighbouring 
rocks and which sometimes can be traced a 


few miles along their strike. The best examples occur between 
Qoelli and Fardi (sheet 96), but these end in the alluvium at the 


northernmost end of Pamta Hill, a mile or so £. N. E. of Angor. 
On the western side of same hill, east and south-east of Angor, 
other bands of these quartzites occur. Their genera/ strike is N.-S. 
with a high westerly dip. Though of fair extent uear Angor, they are 


i E. S. lAnen, BiM. V. 8, Oedl. Bwrv., 679, p. 268, (1921). 

*9. S. ‘ The Methods of PeOdgraphlo-Miotosoopie Eesearoh ’, Washington, 

Tsohemak’s lishrhush der Minandogie ’, VIeima, p. 211, (1921). 
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genetally ofily a few feet io tliioknesB And appear to tUn ont when 
followed along their strike. It is probable that they are partly 
chemical in origin, siliceous solutions altering, replacing and cement- 
ing fine-grained shales. 

Microscopic examination of these thin quartzites shows them to 
be very fine-grained and to contain a fair amount of fine calcite 
(42/284, 21192). Certain specimens (42/288, 21197 ; 42/289) from 

Angor can almost be termed cherts. Others (42/287, 21196) have 
a greenish appearance and are extremely fine-grained. 

A thin band of quartzite crops out near the conglomerate out- 
crops, one mile S. 8. E. of Mamauli. 

A band of quartzite forms the ridge, 2| miles south-east of 
Undwaria (sheet 96). This quartzite (36/138, 17119) is sedimentary 
in origin ; it contains a few felspathic grains, and is much coarser 
grained than, and of a different nature from, the quartzites from 
Fardi and Angor. 

A greenish quartzite (36/148, 17128), which resembles the Angor 
example mentioned above, occurs in the conglomerate hOl, 2J miles 
E. 8 E. of Undwaria. This too is probably due to the sihcification 
of fine-grained shales. It is quite local in extent. 

The forgoing description of the lowest members of the Aravallis 
is of necessity brief. The oldest member is apparently a conglom- 
erate with associated grits ; but there is no 
m^berir^ lowest evidence as to the nature of the rock upon 
which these were laid down. No exposures of 
the pre-AravaUi gneiss, noted by Dr. Heron to the north of the 
8tate, have been found in Sirofai. 

The conglomerate and grits were succeeded by a series of thin 
ferruginous shales, then by basalts and tuffs, continued intermit- 
t^tly with the formation of further thin shales and quartaites. 
But after this period, it is impossible to give the stratigraphical 
sequence with any certainty owing to the imperfections of the geolog- 
ical recotd. Accordingly it is proposed to describe the other types 
met in the 8indret-Undwaria tract, and then to continue with a 
brief description of the other areas enumerated before (see p. 16). 
It must always be remembered that the Aravallis, except in 
cettain areas, are intnuled by acidic and basic rocks of differenl 
ages. The contemporaneous bwic rocks at the base of the Aravallis 
have been described above, but it is obviously desirable to post^ione 
the discussion of these later intausive rocks. 
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It has already been noted that, broadly speaking, the metamor- 
phio imprint possessed by the Aravallis in the Sindret-Undwaria 
tract generally increases in severity as one 
Shales and mica- passes S. S. W, A large mass of ferruginous 
shales, with varying strikes and dips, crops out 
in the alluvium to foim hill station 1,007 feet, north-east of Pardi 
(sheet 95). Similar shales are found W. N. W. of Goelli and south 
of Mirpur (sheet 95), where they dip south-east at 80°. North-west 
of Mirpur, less ferruginous shales are mot with, dipping north-west 
at 80°. South-west of Mera, in the vicinity of the Pawara police 
station, definitely schistose t 3 pes make their appearance; and these 
continue on sheet 96 to the south by Anadra and Pitapura. Further 
east, away from the Erinpura granite ‘ tongue ’ running down to 
Sirohi, the metamorphism is not so intense and phyllitic shales and 
phyllites are found. Proceeding still further east, and so approach- 
ing the Abu mass of Erinpura granite, mica-schists crop out. Phyll- 
itic rocks form the hills south-east of Palri, their general strike 
being N. E.-S. W. 


Dodia*Malgain Tract. 

The Aravallis constituting this tract bear many resemblances 
to those found in the Sindret-Undwaria region, but the lower mem- 
bers seem to be missing. A glance at the map 
Lowest members miss- (Plate 12) will show the peculiar configurat- 
ion of this tract in its northern part near 
Dodia, where it is ‘cut ofi’ by Erinpura granite. Its width here 
is only about two miles ; but in spite of this, shales and shaly types 
predominate. Intrusive pegmatite of the Erinpura granite is not 
common, but there are numerous Malani intrusives, most of which 
out slightly across the approximately N. E.-S. W. strike of the shales. 

In the stream bed between Baida and Bilangri (sheet 95), numer- 
ous local changes of dip and strike may be observed, in certain places 
the strike being almost E.-W. ; but the general 
dip is 70°-80° to the north-west. Spotted 
mica-schists occur (42/309, 21225). 

Exposiures are poor in the Bilangri grass reserve, but south of 
this, abundant amphibolites intrude the rocks, which here are mica- 
schists or quartz-mica-schists (42/221, 2112.3 ; 21064). Injection 
types, of schist .and gneiss occur a few miles north of Pamera (sheet 
96). niese types are more plentiful in the Anadra-Mandar area 


Descriptive notes. 
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where they are described fully {see pp. 26-27). Quartz-mica-Bohitfs 
(42/172, 21069) occur just south of Pamera. These frequently con- 
tain felspar from the pegmatite. 

A thin calcareous band (42/176, 21067) crops out 1^ miles north- 
west of Poitra (sheet 96). The metamorphism of this has produced 
H rock composed chiefly of calc-silicates. 

Dantrai-Kankodara Remnants. 

The Dantrai-Kankodara remnants or roof-pendants consist of a 
scries of inliers of Aravalli rocks in the Erinpura granite. The general 

Isolated inliers of these rocks is more arenaceous than 

AravalUs of arenaceous in the two more easterly tracts just described. 
^*‘^***‘ Thus in the big mass near Eankodara, a well- 

developed quartzite (42/239, 21143), containing a fair amount of 
muscovite, forms the ridge running between Poidara and Kankodara 
(sheet 95) and also forms the hill one mile north-east of the latter 
village. The neighbouring hills are composed of thin quartzitic 
shales and phyllitic schists, with amphibolites, abundant pegmatite 
and fine-grained aplitic Erinpura granite. The quartzites in the 
south have a more or less general N. N. W. dip of about 60‘^-75'^. 

^ ^ , The inlier south of Taunri (sheet 95) is com- 

posed of injection types of schists with pegmat- 
ite, abimdant dolerites and amphibolites. 

The mass north-west of Sanpura (sheet 95) is the largest of these 
remnants. As in the case of the other inliers of Aravallis, its junct- 
ion with the Erinpura granite is very irregular; also numerous in- 
trusions of the granite, with its pegmatite, are foimd in the mica- 
schists which form the bulk of the rooks. The presence of these 
intrusions sometimes assists the schists to resist atmospheric weather- 
ing to a greater degree, with the resultant formation of quite impos- 
ing peaks standing above the general level of the neighbouring rocks. 
An example is given by the large hill half-way between Amlari and 
Sanpura. Biotite-quartz-schists (21121) were noted half a mile north 
of Sanpura. 

The several isolated inliers of Aravallis south of Amlari (sln'ct 
95) possess a very strong arenaceous facies and, as a rule, are pro- 
fuwly intruded by dolerites. Two sections (21098 ; 21099) of rocks 
from the hills three miles N. N. E. of Dantrai (sheet 96), show 
fine-grained chlorite-sericite-quartz-sohists with a little biotite. 

Zl 
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The most southerly members of this series of remnants ooour 
near Dantiai. A section of the rook (42/195, 21090) forming the 
hill at this village shows it to be similar to the last described rocks 
but with more biotite, finer-grained in texture. Quartz-tourmaline* 
pegmatite (21091) was found intruding this rook. 


Motagaun-Haliwara Remnants. 

A large inlier of Aravallis west of Motagaun (sheet 95), the western 
boundary of which approximately follows the Sirdii-Jodhpur front- 

- ier, is composed of micaceous quartz-schists 

P (42/250, 21156 ; 42/261, 21167), thin quartzites 

and shaly quartzites, all intruded by abundant pegmatite and am- 
phibolites, as well as by dolerites. The quartzites are occasionally 
noassive, but not to any considerable extent. The general strike of 
the rocks is N. E.-S. W. but it varies locally. The usual dip is to 
the north-west. 

An interesting black quartzite (42/258, 21164) caps the top of 
the hill If miles N. N. W. of Motagaim. It is intruded by veins 
of Erinpura granite and its pegmatite. 

Apart from an isolated exposure of quartzitio rooks N. N. W. 
of Phungni, the next inliers of Aravallis fomid along the strike of 
the Motagaun rooks occur near Haliwara (sheet 95). These ate 
mostly quartz-mica-schists, and on account of the poorness of the 
exposures, their exact boundaries are uncertain. 


Anadra-Mandar Area. 


The Aravallis form a large spread between the southern part 
of the Abu massif and the Erinpura granite cropping out between 
Magriwala (sheet 76) and (sheet 96) 

•mf** *P**"^ P* ^ soutL South-west of Magriwala, 


towards Mandar, isolated outcrops of schists 
and limestone appear through the alluvium. 

The commonest rooks in this area are mica-schists (biotite and 
muscovite-), but very frequently the abundance of thin veins of 
mjected pegmatite derived from the Erinpura 
iiin1?nmiiiini! *”^“**”“ granite is such that the rock is best termed 
an injection gneiss. An example of this type 
(S6/801, 17608), from one mite norlh of Awlia. (Aeet 77), shows 
garnets with abundant quarts, biotite, ohlmite and musooi^, and 



ARAVALLI SYSTEM. 


27 


wifch a little iron-ore. Gamete^ however, are not always present 
in the injection types and gametiferons nuca-schists in these 
Aravallis are the exception rather than the rule. 

These injection t 3 ^pes of rock occur in the 
Localities ol injection neighbourhood of the following villages in the 
area under consideration : — 


Sheet 96. — ^Dadera, Beodhar, Basan, Nimbora, Dholpura, Dhauli, 
Makawal, Hemro, Gagrotioi Salotra, Bhatana, Gorli. 
Sheet 97. — ^Fadar, Eapasia, Dibii, Amodra. 

Sheet 76. — Jabto, Kotra, Fatehpur, PilotL 
Sheet 77. — ^Amlia. 


They are thus conunonest in the extreme south-west of the State 
where the metamorphism appears to have been the most severe. 
The general schistosity of these rocks corresponds to the N. E,- 
S. W. strike of the less metamorphosed Aravallis in the other parts 
of the State. They frequently possess, however, if one might be 
permitted to use the term, ‘ rolling dip ^ with consequent changes 
of ‘ strike Other rocks occur associated with them as, near 
Makawal, where thin quartzite bands and occasional limestones are 
found. Highly metamorphosed basic rocks, presumably intrusive, 
are very common ; these will be discussed later (see p. 63). 
Quartz-pegmatite veins cut the Aravallis ; and in the south-western 
extremity of the State, a series of post-Malani basic dykes strike 


B.-W. (see pp. 142-146). 

Chlorite-schists occur, but they are not as common biotite- 
Bohists. A good exposure occurs at Sanar 

Chiorife'Khirti. stretching into Falanpnx. 

The limestones and calcic types found associated with the mica** 
schists of this region, are generally thin and discontinuous^ though, 
with their rolling dips, they at times have a 
fait extent of outcrop. The Moving brief 
account gives details of their field relationships but refejwnce must 
be made to the economic section of this memoir (Chapter XDI) 
for anal 3 wes of picked examples and the question of their utilisation, 
past and future. 

The term limestone is used in a general sense in connection with 
these Aravalli calc-rocks. Most specimens are in reality crystalline 


» P. J. North, ' their Origtoe, PfetiibnUoo «nd Uses London, pp. 61-64, 

p2 
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Dungrart limestone. 


limestones, oertain examples being fine white sacoharoidal marbler. 
Descriptions will be given of the various t 3 T)e 8 found, including 
the impuier varieties constituting calc-schists and calc-gneisses. 
Hese latter are the metamorphic derivatives of impure argillaceous 
limestones. 

The band of limestone south-east of Dungrari has a general dip 
of 80° to the north-east. This variation of strike and dip is local. 

Numerous small outcrops of calcareous rocks 
occur among the schists between the Dungrari 
exposure and the Selwara hills. .They are generally very impure 
and discontinuous in extent. 

In the hills W. S. W. of Selwara, which culminate in the peak 

of 1,366 feet elevation, a bed of crystalline limestone lies apparently 

conformably upon mica-schists, the general 

Selwara cryslalllne structure as scon from a distance to the south- 
Hmcttonc. . i • .i. 

west appearmg as shown m the accompanying 

sketch section (Fig. 2). 

A 

I3M 





Limestone . 


Mica - schists 


Fro. 2. — Sketch aeotion of Selwara bilk (sheet 96), viewed from the aonth-west. 


The dip of the limestone varies greatly and the limestone appear- 
ing on either side in the above figure, coalesces to the north-east 
to form a single mass, the general shape of the outcrop in plan being 
somewhat similar to an arrow-head, pointing to the north-cast. 
Hie foliation of the schists is rather obwure, but in general follows 
that of the overlying limestone, tending, however, to verticality in 
the centre. 

A apeeimen from one mile £. S. £. of Warka (42/180, 21071) 
shows a oiystalline limestone (xmtaining quartz and diopside. An- 
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other from miles W. S. W. of Selwars (S6/812, 17 622) contains a 
fair amount of tremolite. 

The mystalline limestone cropping out in the vicinity of the 
villages of Serwa and Peiwa has considerable economic importance 
and is discussed in that section (see p. 159). 
On the southern side of these exposures, 
there are large mtrusions of epidionte (17620; 
see p. 53). A specimen of the rock quarried half a mile W. N. W. 
of Perwa (36/768, 17619) proves to he a white, saccharoidal marble 
containing diopside. Oalculation from the analysis of this speci- 
men given on page 157 also indicates the presence of free quartz 
in the rock, though this was not observed in the section. The dips 
and jointing of the marble are confusing. 

The limestone near Baonakwara has rolling dips; this outcrop 

is so intruded by pegmatite that its economic value is poor. The 

_ . .. same remarks are applicable to the limestone 

Raoiukwara llmeatone. , ^ 

outcrops m the extreme south-western comer 

of sheet 96 in the vicinity of Dewari. The rock is of no great thick- 
ness, has rolling dips, and is intruded by pegmatite and amphibolitic 
rocks; it is generally well crystallised. The calcic rocks are very 
variable in nature near Khan (sheet 96) ; within the space of a few 
feet, they alter from a marble (42/186, 21077) to a calcite-diopside- 
rock (42/187, 21078) and to a diopside-epidote-rock (42/188, 21079). 

Purer varieties of marble are found in the south-eastern corner 
of sheet 76. The analysis of a specimen from Piloti (36/770), given 
on page 157, shows an insoluble residue of 
Pilot! nMitle and 3.% per cent, and 3*47 per cent, of magnesia, 
otrac Ip yre». larger exposure of calcic tfcks west 

of Kotra, however, calciphyres occur. In one specimen (36/803, 
17610), abundant calcite, with diopside, zoisite, quartz and scapo- 
lite occur; the last mineral can be seen to be derived from felspar. 
A section of a different specimen (17612) contains in addition 
tremolite, cliuozoisite, phlogopitic mica and mictocline. Apatite 
and more phlogopite were noted in a third specimen (36/804, 17611). 
The pleochroism of the phlogopite is : — 


a = light yellow-brown, 
b = dark brown, 

C — yellowish dark brown. 
Absorption:— c > b > ft 
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Sirohi-Erinptira Tract 


The rooks found in the Sixohi-Kxinpuxa tract are in many ways 
ainular to those in the other subdiTisions. In the north, near 
Dharmano (sheet 117), the predominant types 
predom- mioassohists and arenaceous rocks with 

occasional bands of limestone, all being largely 
intruded by tourmahne-pegmatite and occasional doleritcs. The 
limestone and quartzite assist the schists to form relatively high 
and rugged hills compared with those formed by the softer Erinpura 
. granite, lamestone predominates in the hills 

south-east of Khandra (sheet 117), but there 
are also arenaceous and argillaceous types. Calcic types crop out 
in force in the range of hills running between Utan (sheet 117) and 
Palri (sheet 94), but hornfols and altered slaty quartzites occur. It 
is impossible to map the boundaries between the various rocks found 
here, l^e confusion being increased by numerous intrusions of pegmat- 
ite. 


There is an outcrop of limestone at Maudwa (sheet OD), much 
intruded by quartz-pegmatite, but which in places is sufficiently 
pure to be burned for lime. Erinpura granite borders this to the 
south and oast. The low hills to the south-west of Mandwa are 
oomposed of limestone, intruded by quartz-pegmatite and amphibol- 
itic rocks. 


A white quartzite, comparable to the Kankodara specimens 
described before, forma the major part of the bilk north-east of Morli 
Quarkite (sheet 94), whilst the hills immediately east 

and south of that village are composed of 
highly altered schists and argillaceous types. A similar quartzite 
lorms the range 1| miles east of Palri and the station 938 feet in 
the north-east comer of sheet 95. 

The rooks found at the junction of the four sheets 94, 95, 117 
and 118, are extremely interesting. Hill station 1,956 feet is 
composed of hardened slates, quartzites and 
mica-schists. To its south there is an abund- 
ance of amphibolitic rooks of composite nature 
which have been discussed later {tee pp. 49-53). Between these 
and Utmao Id Bhagli (sheet 118) are two elongated inliers of Aravallis, 
oomposed chiefly of mioapsehists with bands of limestone and with 
many intrusions of &inpnza granite. 
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There is a large spread of Aravallis a few miles north east of 
Sirohi. These are composed chiefly of mica-schists, but quartz- 
R In Of 1.1 schists, green quartzites, quartz-mica-schists, 
oc near o phyllites, homfels, etc., are found. The 

quartzitic types form the higher hills. The general strike of these 
rocks varies from N. E.-S. W. to N. N. E.~S. S. W., with dips 
to the south-east or E. S. E. of 70® to 90®. At the foot of hill 
station 2,205 feet is a much altered, thin limestone band which is 
burnt for lime. Basic rocks do not occur in force, but there arc 
frequent intrusions of pegmatite which, near Baida (sheet 95), have 
formed greisen {see p. 72). Gametifexous mica-schists occur in the 
neighbourhood of this village. The mica-schists frequently contain 
concretionary masses (17045 ; 17046) which are composed of fine 
sericitic mica, biotite and quartz, with occasional small garnets. 

The rocks in the road at the south-east corner of Sirohi town 
comprise quartzites, micaceous quartzites, phyllitic types and zoisite- 
serioite-sohists (17021). The thin band of Aravalli mica-schists 
stretching S. S. W. from Sirohi is almost obliterated by amphibolites 
and epidiorites, with abundant quartz-pegmatite intrusions. 

Garnetiferous mica-schists crop out south (d Telpur (sheet 
Qaraetiferoui mica- 95) and are accompanied by some injection 
schlsti. types. 

Whilst the evidence for placing the rooks of the other sub- 
divisions in the Aravalli system is considered conclusive, the position 
- , ^ of these rocks of the Sirolii-Erinpura tract 

vOrrCUiuOll. rn. * 1 

IS more open to question. Their general 
resemblance is with the Aravallis rather than with the Delhis de- 
scribed hereafter; also, by correlation with the other exposures of 
Aravallis in Jodhpur to the north, it is more reasonable to consider 
those rocks west of the Abu-Erinpura range as Aravallis. 



CHAPTER IV. 


DELHI SYSTEM. 


Podflon and extent. 


Stratigraphical Subdivisiona— Ajabgarh Series. 

Rooks correlated with the Delhi system crop out in Sirohi State 
south-east of an imaginary line joining Erinpura Road railway 
station (sheet 117) with Vasra (sheet 97). 
Numerous intrusive rocks, however, arc found 
covering a large part of the sxirface in this region. 

In his comprehensive memoir on the geology of North-Eastern 
Rajputana, Dr. A. M. Heron gives a list^ of the various series con- 
stituting the Delhi system, but all of the con- 
agar seres. stituent series are not represented in Sirohi. The 
Raialo limestone and quartzite, which Dr. Heron now regards as 
being sufficiently important and being separated from the higher 
members of the Delhis by such an unconformity to warrant the 
Raialos being regarded as a separate system,* have no representa- 
tives. 

Quartzites certainly occur, but they do not resemble the massive 
quartzites of the Alwar series, though the doubtful possibility 
of their belonging to the Aluar series is admitted. Again limestones 
are found, but they have no resemblance to the Kushalgarh limestone. 
The Delhi representatives in Sirohi have been correlated with the 
highest members of that system, viz,, the Ajabgarh series. 

Dr. Heron has noted that the Ajabgarh series 

General facies. 


* is a formation in whioh argillaoeous rocks predominate, with subordinate impure 
quartzites and limestones 

He adds that the 

* facies shows deeper water deposition than the Alwars, and at certain horizons 
rapid but not great variations in the conditions, but neither the shallow ^Aater 
characters of the lower Alwars nor beds usually taken as indicating deep water 
sedimentation are seen 

There appears to have been a progressive deepening of the Ajab- 
garh sea in Sirohi, limestones forming the uppermost members. The 


^ ifem. (hd, 8urv, J«d., XXV, p. 10, (1017). 

> Etc. Gui. 8wv. Jfid., LXH, pp. 172-173, (1080). 
^ Mem. Otd. 8urv. Ind., XXV, p. 14, (1017). 

( 32 ) 
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series as exemplified here possesses a facies more calcareous than the 
parts of Rajputana described by Dr. Heron in the memoir cited, but 
comparable with the Udaipur occurrences, the description of which 
will shortly be published. 

The general strike of the northern outcrops of the Delhis corre- 
sponds to the usual N. E.-S. W. to N. N. B.-6. S. W. strike of the 
Strike. Aravallis. Dips flatten and the strike changes 

as one proceeds south-west. The general structure 
has been discussed in Chapter XIV. 

In the map attached to this memoir, it 
AJsbsarhi!?^”* **** noted that the Ajabgarhs have been 

subdivided as below, the youngest beds upper- 
most : — 

3. Calc-gneisses, calciphyres and limestones, with amphibolitic 


2. Mica-schists, phyllites, etc., with amphibolitic rocks. 

1. Quartzites. 

Detailed notes will be given regarding each of these subdivisions. 


Quartzites. 


The oldest members of the Ajabgarhs are composed chiefly of 
quartzites, which usually form high hills owing to the more resistant 

^ nature of these rocks compared with the schists 
Uiilfonnity of outcrop. j t . mi xi. 

and limestones. They appear on the map as a 

number of disconnected, elongated outcrops, usually surrounded 
on all sides by the younger mica-schists. All the Ajabgarh quartzites 
occur not very far removed from an imaginary line joining Kalumbri 
(sheet 118) in the north-east with Sur Paga (sheet 97) in the south- 
west. There seems to be no doubt from their distribution and 
appearance that these quartzites represent the metamorphosed 
equivalents of the same original sandstone bed. 

Examining the outcrops from north-east to south-west, the first 


exposure is met near Kalumbri, where a quartzite forms a thin ridge, 
trending first due south, and then mc fe south- 
amieri qu e. westerly. Hand specimens and sections of this 
quartzite (34/230, 16187 ; 34/239, 16202) show it to be almost 
entirely composed of quartz with a little tourmaline and mica. 
North of Ramserji, towards Dhanga (sheet 118), there are two or 


more ridges of quartzite apparently interbedded with the mica- 
schists ; these quartzites have a strong dip of some 60® E. The 
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W«(era quartziles. 


country south of Bamserji is exceedingly rough and the boundaries 
of the quartzites are more or less conjectaral. The isolated hill 
station of 2,053 feet, to the west of Bamserji, is composed of a quartz- 
ite whiter in colour than the Bamserji example. 

The quartzite forming Jaba Hill, north-east of Wasa (sheet 119), 
stretches for some four miles, the strike changing from N. E.-S. W. 

in the north, to B.-W. in the centre, and 
■ back to the original strike in the south. From 
a distance it appears almost as if the hill were rapped by quartzite ; 
but when one approaches close to it, it is obvious that the qiiartzite 
has an almost vertical dip, with a slight inclination to the south-east. 
The quartzite ends abruptly at either end against schists. It is 
introduced in places by quartz-pegmatite. 

There are about seven isolated hilb of quartzite near Watera 
(sheet 96). The rock here, as at Sanwara, grades into a rock resem- 
bling quartz-reefs. All the exposures end 
abruptly against either mica-schists, ami)hib- 
olites or limestones and appear to be the disjointed remnants of a 
hard quartzite which has not responded well to the folding move- 
ments just before the intrusion of the Erinpura granite. The rock 
itself (34/257, 16227) is very fine-grained with small fiakes of biotite 
and serioite in parallel alignment. 

A large spread of quartzite, a mile or so wide, commences three 
miles S. S. E. of Watera and trends south-westerly for ten miles, 
n. ending with isolated outcrops east of Sagna 

(sheet 97). This quartzite was mapped by 
Hacket, but the boundaries have been altered and its extent reduced. 
It forms high hills, many of which, e.g., hill station 2,557 feet, are 
difficult of ascent. Its field relations and petrological characters 
(36/771, 17575) are similar to the Jaba quartzite. The irregular 
nature of its junction with the surrounding amphibolitic and phyllitic 
rocks is well seen between Tankia and the hill station 2,812 feet 
(sheet 96). A view of this latter hill from the limestone hills on the 
east side of Tankia, is very reminiscent of Jaba Hill with its 
precipitous sides and abundant screes. 

The quartzite forming the southern part of the ridge contidning 
hill station 2,842 feet, east of Bandia Gadh (sheet 97), is of interest 
_ ~ appears to be faulted i^ainst the limestone 

* to the north and east. The relations are shown 

in the section across this area (Plate 11, fig. 1). 
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The Mandwara and Chandrawatii bieociated quartzites described 
hereafter do not wholly belong to the Ajabgarh quartzites, though 

R 1 parts of the former do. Their siliceous 
Bfecciated fiumitei. ^ considered to be due largely to 

solutions, concentrated as an acidic difierentiation product of the 
Erinpura granite, which gave rise to the quartz-pegmatites described 
later (see pp. 69-71). 

The quartzite running through the villages of Mandwara and 
Sauwura (sheet 119) resembles the Jaba quartzite in its north- 
easterly part ; but it grades into a more 
qiMiJwte!*” ^'*“*‘**'* breociated type. It is very ferruginous near 
Mandwara, but it loses this nature to the 
south-west. Hand specimens and sections (34/266, 16222 ; 16225) 
show that it is a brecoiated rock; quartz, the main constituent, 
shows strain polarisation colours ; the other minerals present arc 
biotitc, scricitc, a little microclinc and iron-ore, which, as stated 
above, is most common near Mandwara. Part at least of the silica 
in this rock is derived from solutions. 

There is a small range of hills between the limestone and plains, 
south-west of Cliaudrawati (sheet 97), which is composed chiefly 
of a brccciated quartzite (36/786, 17693) 

ed^quMtSe!,*** *’”®®***' similar to parts of the Mandwara quartzite. 

In places this is very limonitic ; generally it 
contains abundant quartz with occasional large felspars. It is a 
fault-rock, the siliceous character being largely due to solution 
agencies. As one follows it to the north, its brecciated character 
persists (36/793, 17602), but towards Sathpur, the rock is best termed 
a brecciated limestone. Beference will be made to this rock when 
the structure of the area is considered (see p. 164). 

Mica-schists, Phyllites, etc. 

Bocks belonging to the intermediate subdivision, termed * mica- 
schists, phyllites, etc.’, cover the largest area of any of the thrc>c 
subdivisions. The predominant rocks are 
4l?Woa of^ mica-schists, but associated intimately with 
these are numerous amphibolitic rocks, the age 
and nature of which is rather obscure. Most of them possess the 
same foliation planes as the schists and so they are certainly older 
than the Erinpura granite, by which and by the pegmatite of whidi 
they are profusely intruded. 



ooutiSON : Qmtoor of Uftom sTAtts. 


S6 


In general, however, it is not thought that they are oontexn* 
poraneous with the schists as was considered to be the case for the 
basalts and tufis associated with the lowest 


AtiocUted basic racks. 


members of the Aravallis. It is considered 


that they represent later, but pre*Erinpura-granite, intrusives in- 
jected chiefly as sills into their associated Ajabgarh rocks {$ee 
pp. 46-49), 

These basic rocks are most commonly found associated with 
mica-schists, but they also occur with the calcic rocks of tiie next 
subdivision to a lesser extent. In this connection, the following 
passage from Dr. Heron's ihemoir in connection with the amphib- 
olites associated with the Alwars is of interest : — ^ 


‘ It is found that bands of mioa-sohists and oonglomerates with a mioaosons 
matrix am favoured, in oomparison with quartzites, as an avenue of injectioii, 
fr<^ obvious mechanical reasons, while in limestones it would appear (I suggest 
this with all caution) that the thinner trap sills and veins are to some extent 
absorb^, with mutual chemical reactions resulting in the formation of actinolite, 
tremolite and epidote.* 

It will also be seen that the metamorphism and injection of 
these amphibolitic rocks has given rise to a suite of rocks of distinct- 
ive characters. Accordingly it is proposed to postpone the discussion 
of these amphibolitic rocks and their products, in so far as it is 
possible, to the next cliapfer where they will be discussed in full 
detail. The possibility, however, of certain of the amphibolitic 
rocks being derived from the metamorj)hism of sediments and lime- 
stones has not been overlooked. Chemical criteria as noted by 
Bastin® and criticised by Trueman,® Leith and Mead,® and Stillwell® 
cannot be applied as no analyses are available. 

The largest spread of mica-schists runs approximately south- 
west from Keshavganj (sheet 118) to Abu Boad (sheet 97) on either 
side of the railway line. A good part of the 
KethayganpAbu Road surface of this area is covered with alluvium, 
but exposures in the river beds and the general 
character of the soil enables one to mark their 
boundaries with fair accuracy, except, of course, those with the 


» ind., XLV, pp, 90-91, (1917). 

> F. S. Bastin* Joum. Cfed., Xfll, pp. 4^472, (1909) ; op., cit., XXI, pp. 198-201, 


(1918). 

» J, 37hwmao» op. cU., XX» 

*C. K. lolth and W. J. “ 

(1918). . 

®F. L* Stilbrall, * The M eta m orphie Booka o( Adalie Land. Seotion 1 * 8oi Kent. 
Aurtn. Atttarot Kxp., Seriea A, HL K 1, pp. llg-Wl, (iMg). ^ ^ 


229-258,300-315,(1912). 

' ' lorphio Geology *, Kew York, pp. 226-242, 
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aooompanying basic rooks. They are profusely intruded by quartz* 
pegmatite veins and, near Kacholi, by a large mass of Erinpura 
granite. Quartz-chloritc-schists (34/259, 16229) and quartz-actin- 

olite-sohists (34/259, 16228) occur east of this in force. It is in this 
region, two miles north-west of Rohera, that one finds old pits, said 
to be dug for the extraction of gold (/?ee p. 155). 

This area is separated from two elongated outcrops of schists by 
exposures of limestones belonging to the highest subdivision of the 
n Aiabgarhs. The northern outcrop is found on 

either side of the Kamser]i quartzite ; and 
then, south of Watera (sheet 96), lies to the east of the Deldar 
quartzite, its part west of this quartzite being greatly (•ronij)ressed. 
Hard quartz-tremolite-schists (J6I93) are found one mile north- 
west of Wasa (sheet 119). In the vicinity of Gadh (sheet 97), east 
of the Deldar quartzite, the strike or schistosity varies greatly, 
giving in consequence a wide spread of phyllites. with abundant 
amphibolitio rocks and subordinate schists. A specimen of tremolite- 
qaart 2 > 8 chist (17600) was noted two miles south-east of Sagna. 

The southern elongated outciop stretches from south-west of 
Watera (sheet 96) to Chanda ji ka Ciara (sheet 97) on the frontier 
with Danta State. These schists, as usual, 
contain abundant amphibolitic rocks and, also, 
occasional thin bands of limestone. Injection 
types, very similar to Aravalli 0<5currence8 previously described 
(pp. 26-27), are in force from east of Abu Koad station to the border 
with Palanpur and with^Danta. Taking the presence of these ty])es 
as evidence of very severe metaniorphism, it would appear that as 
is the case for the Aravalli rocks, west of the Abu massif, the 
metamorphism of this tract appears to increase in severity as tlie 
rooks are traced along their strike trom the north-east to the* south- 
west. This, however, as will be seen, is not the cas(' for all the 
Ajabgarh rocks. 

Highly metamorphosed rooks form a narrow band on the Sirohi- 
Udaipur frontier east of Pindwara (sheet 118). Erinpura granite 


forms the summit of this bordering range ; 
Icr^eflofu ****^***^ biotite-schists (84/225) and quortz-mica- 

sohists (34/226; 16199) form the low^ ground, 
with amphibolitic types (34/227, 16182; 34/228, 16186) forming 
the flanks. Certain of the schistose rocks (16181) contain abundant 
febpiff^ derived undoubtedly from the Erinpura granite or its pegmat- 
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ite. The distinction between injeotion-gneisses and gneissose 
Etinpuia granite is a matter of considerable difficulty, especially 
in the neighbourhood of Moras (sheet 119). 

Quartz-mios>sohists (34/242, 16205), frequently garnetiferous 

(34/243, 16206) and approaching injection-gneisses (34/244, 16207), 
crop out on both sides of the river valley forming the Moras pass 
into Udaipur. This river flows through Erinpuia granite further 
west, but along the extended village of Waloria, its course is again 
through amphibolitic rooks and schists which are occasionally 
gametiferouB and also contain tourmaline (34/238, 16201). 

Schists, with associated amphibolites, again occur in force 
between tiie Waloria and Bhula masses of Erinpura granite (sheet 
119). The hills named Babers and Hindola on the one-inch ^eets 
are composed of these rooks and the influence of the adjoining granite 
is shown by the fonnation of tourmaline-qusrtz-biotite-sohiste 
(34/236, 16197). A chlorite-aotinolite-sohist (34/252, 16217) from 
north-west of Nawawas (sheet 119) contains abundant chlorite 
and aotinolitio hornblende. The indices of refraction of the chlorite, 
measured in sodium light, are as below: — 

« ^ = 1*586±0-001 

« 1 * 686 ± 0-001 

= 1-690±0-001 
=» 0-004 

Those of the actinolitio hornblende are:— 

a l-620ri:0-002 
P » l-6S8d:0-002 
Y *=* l-642±0-002 
Y — a *= 0-022 

Abundant injeotion-gneisses occmr in this area, especially in the 
neighbourhood of Bori ki Bhuj. Hand specimens and sections of 
these (34/253, 16219 ; 84/254, 16220) show the presence of abundant 
quarts and biotite, with lesser amounts of muscovite, felspar and 
garnet. In hand spedmens, Ihe pegmatite appears as discontinuous 
strii^ers, the white ^splotiffies* of felspar showing up against the 
darto coloured schistose pact of the rock. A westered surface 
shows the time nature of ^e specimen better than a fresh surface, 
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Deri area. 


The boandaries of the oigar-shaped outcrop of Eimpnra granite 
in this region are only approximate ; numerous intrusions of granite 
occur and it is impossible to map their boundaries on maps of the 
scale of one inch to the mile. 

In the Deri region (sheet 97), adjacent to Danta State and south 
of the horseshoe-shaped Gorsa mass of Erinpura granite, the meta> 
morphism is again intense but the rocks are 
chiefly of a more arenaceous facies (36/781, 
17686 ; 36/782, 17687 ; 36/784, 17589) than in the Bori ki Bhuj 
region; certain of these rocks are friable in the hand specimen. 
Mica-schists also occur, at times associated with numerous amphib- 
olitic rocks and profusely intruded by pegmatite. 

The prevalence of injected types of a highly metamorphosed nature 
throughout the whole of the frontier region with Udaipur will have 
been noted. The severe metamorphism is not 
^^^vaknce of bi]ected ^ wondered at when it is remembered 

that the bordering hills are really the fringe 
of the old ‘ Aravalli ’ mountain range, using the term * Aravalli ’ in 
its physiographic sense. These Delhi schists are, as a whole, far 
more metamorphosed than the older Aravalli rocks to the west 
of Abu, though the Aravallis in the southern part of the Anadra- 
Mandar area show similar injected types. 

It is only exceptionally, however, that one gets phyllitic types 
in the Sirohi Ajabgarhs. Strangely enough, these occur further to 
the south : — in the area near Gadh already 
mentioned (see p. 37) and in the inlier of rooks, 
surrounded by limestones, which occurs north-west of Bhamoria 
(sheet 97). Here phyllitic types are abundantly intruded by quartz* 
pegmatite and amphibolitic rocks. Their general occurrence is of a 
broad anticline with the phyllites dipping under the calcic rocks. 
Many local inversions, though, have been noticed. 


Phyllitic type*. 


Calc-gneisses, Calciphyres and Limestones. 

The calcic rocks forming the uppermost dhision of the Ajabgaihs 
are in many ways the most interesting rocks in this series, not only 
imp artMica of Ow ou acoount of their economic importance, but 
calcic rock*. also owing to the variety of types present. 

These rooks also give invaluable aid in the elucidation of the strnctmc 
of the area. 
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The largest spread of calcio rooks is found in the south-eastern 
comer of the State ; here they extend into Bants State to the south 
and into Idar to the east ; they crop out as 
" ”■ far as Bhula (sheet 119) to the north. After 
some isolated outcrops, another great exposure of these rocks is 
found to the east of Pindwara ; this extends to Jodhpur State to 
the north-east and can be traced south-west through Sirohi almost 
to Palanpur State, a distance of some 40 miles. Though the major 
part of these calcic rocks lies to the east of the railway line, there 
is an area of them north of Abu Road and a thin band more or less 
follows the eastern boundary of the Abu-Erinpura mass ofErinpura 
granite. 

The country forming the south-eastern corner of the State is 
very rough. There are but few tracks which allow camel transport 
SoaA-eaten earner generally bullock-cart transport 

•I Ae State. is out of the question. Such tracks that there 


are usually follow the courses of the rivers which, in the limestone 
country, abound with small waterfalls. 

The general structure is that of a synclinorium (see Plate 11, figs. 
1 and 2), but the calcic rocks show innumerable variations of dij* 


Stmctaie. 


and strike ; rolling dips predominate but in 
many places the dips are vertical. The contort- 


ion and inversion of dips in this comer may be confidently 
ascribed to the intrusion of the Gorsa mass of Erinpura granite 
(see pp. 65-66). Numerous amphibolitic rocks are associated with the 
cidoic types; many of these amphibolites were intnided as sills 
before the Erinpmra granite and consequently have been folded with 
the calcic rooks (see p. 49). Innumerable varieties of calcic rocks 
are found ; the chief of these will now be described. It is worth 


noting in passing that in Sirohi, calcic rocks have been mapped ns 
one stage of the Ajabgarh series. In the contiguous areas to the east, 
Dr. A. M. Heron and Mr. J. B. Auden have mapped two divisions of 
calcic rooks, ‘ calc-schists ’ being the older, and being followed by 
< oalc-gneisess and calciphyres, biotitio limestones '. Division into two 
snob stages was not found possible in Sirohi, owing to the greater 
amount of intrusives. 


In the valley and hills east of Jaidro (sheet 97), the general dip 
is 10°-'20*’ E. S. E. to south-east The calcic rooks contain abundant 
oalmte, quarts, tremolite and diopside with 
***** subordinate plagioclase. They are thus ealo- 
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gneisses (36/772, J7576; 36/773, 17577). The proportion of diopsidc 
and tremolite is variable to a remarkable degree within a very short 
distance. The rocks arc intruded to a fair extent by qnartz-pegniat 
ite. Mica is very coninion in the calcic rocks stretching from Jaidro 
to Bori ki Bhuj and Bhula. In a specimen (16218) from north of 
Bori ki Bhuj, diopsidc and zoisite, with characteristic colours, are 
common, with subordinate quartz and felspar. In certain cases, 
the shapes of aggregates of zoisite and quartz suggest they may be 
alteration products of garnet.^ 

The calcic rooks are again very tremolitic 
Khejra. along the Khejra valley (sheet 97), their dip 

being generally E. S. E. 

TJie hills between the stations 2,773 and 2,842 feet, south-west 
of Uparla Gadh (sheet 97), are composed of calcic rocks with 
Uparla Gadli abundant diopside ; one specimen of diopside* 

rock (36/777) has a density of 3-13 and consists 
almost entirely of diopside. The refractive indices of the diopside 
He between 1'680 and 1*705. Amphibolitic rocks are common in 
this area and the metamorphism of the calcic rocks has given interest- 
ing products. The amphibolitic nature is predominant in somr* 
(jases. One such (»xam])le (17581) contains abundant quartz, micro- 
(dine, platjioclast* and hornblende, with little or no calcite. A little 
poikilitic tourmaline occurs in the rock ; it is strongly pleochroic 

CO = deep bluish violet, 
e = pale greenish pink. 

Absorption : — co > e 

It is probal)ly a tourmaline ferrifire,^ This slide also contains 
a cleaved dirty-looking mineral, birefringence—? 0-01 9, positive elong- 
ation, negative optical character, small optic axial angle, which is 
probably an alteration product of soapolite. These diopsidic and 
amphibolitic rocks weather very similarly to limestone. 

The rocks are extremely contorted in the river valley between 
Raro and Bore (sheet 97), due no doubt to the intrusion of the Gorsa 
mass of Krinpura granite mentioned above {see p. 40; also, pp. 
66-66). This contortion is well displayed by bands of limestone 
which arc hopelessly intermixed with amj>hibolitie and schistose 

» C. R. Van Hise, Mon. U. 8, QtoU 8%rv,, XLVTI, p, 303, (1904). 

1 * *Mineralogie de Madagasoar*, I, pp. 411-412. (1922). 8te also^. 

Lottoix, ‘ Mineralogie de la France et de sea oolonics I, p. 81, (1893). 

E 
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rooks. The general strike, howeror, is N.-S., parallel to the 
boundary of the granite. 

Sourii-east of Jamburi (sheet 97), oaloic rooks adjoin the Eriopura 
granite in Idar State ; they are greatly intruded by amphibolites and 
JaflAari. pegmatite, but in certain cases, as at Bosa, 

they are moderately pure. A specimen 
(36/778, 17582) shows a fair amount of quarts and diopside ; certain 
of the oalcite crystals show curved lamellae. The crystalline lime- 
stones contain abundant amphibolitic rooks between Taleti and 
Bosa, but those north-east of hill station 2,301 feet are relatively 
pure. 

The bow-shaped or horseshoe-shaped outcrop ol the Peri and 
Qhoratankri area, enclosed by the Gorsa mass of Erinpura granite, 
- . , is interesting from an economic standpoint, 

*** ** * especially the outcrops near the latter village. 

These have been discussed in detail in the economic section of this 
memoir {see p. 168). The Qhoratankri rock (36/769, 17583 ; 36/779, 
17684) varies from a recrystallised impure limestone to a white 
sacoharoidal marble. An analysis of 36/769, the former type, is 
given on page 167 where it will be seen that there is 16-16 per cent, 
of insoluble residue. Specimen 36/779 is probably much purer than 
this. 

The second great expanse of calcic rooks has been described as 
extending from Pindwara (sheet 118) to Palanpnr State (sheet 97). 

This divides near Sabela (sheet 118) into two 
W.-stretching bands. The more westerly 
of these continues past Abu Boad (sheet 97) 
as described above. The easterly band dies out near Waloria (sheet 
119). The calcic rooks vary in hardness, being at times hard, 
compact and fine-grained as in the ranges of bills near Garh (sheet 
119), north of Nawawas, and south-west of Watera. Hand spec- 
imens and sections of these (34/224, 16180 ; 34/229, 16186 ; 34/232, 
16191; 34/268; 34/261, 16216; 36/168, 17136) show recrystallised 
mioaoeons limestones, containing abundant oalcite with varying 
amounts of a phlogopitio mica, iron-ore and quartz. The mica 
has been termed phobgopite as its characters under the microscope 
(16186; 17136) most resemlde that mica. The general colour of 
hand specimens is grey, bat varies with the purify of the rook. A 
hand spedmen (34/224) from Snndal (sheet 118) is almost 
blade. 
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Four of thp above Bpeoimens (34/232, 34/261, 34/268 and 36/168) 
have been analysed with the results given on page 167. It will be 
noted that the respective percentages of insoluble residue are 12*24, 
10*64, 3*02 and 6*70. 

Apart from these harder types, softer varieties of calcic rooks are 
met, chiefly in the north-eastern corner of the state in the vicinity 
of Sabela (sheet 118). Sections of these (16177, 16178, 16179, 16183 
and 16199) show abundant calcite with more phlogopitio mica than 
in the harder types, and also quartz, iron-ore, s])hcne and zoisite. 
In 16179, there are ovoid aggregations of zoisitc, calcite and quartz 
suggesting the possibility of Ihe previous existence of garnets in 
these rocks ; tremolite and a greenish brown, strongly pleochroic 
mineral also occur in this slide. The latter mineral is cut by a vein 
of calcite. Hand specimens are coarser-grained than the harder 

types. These rocks are profusely intruded by amj)hiboIitic rocks 
and also by pegmatite. 

An extremely interesting aeries of contact metamorjdiic products, 
formed by th(* intrusion of an olivine-gabbro into caloie rocks, occurs 
in the south of the state in the vicinity of 
prodncte^* metamorphlc Chandra wati and Kui (slieel 97). The gabbro 
will be described later {.^ee pp. 79-83). 

Hand specimens and sections of these rocks (36/787, 17595; 36/790, 
17597; 36/791, 17698; 36/796, 17601 A, 17601?») prove the presence 
of abundant calcite, a titaniferous augite, wollastonito, prehnite, 
? pectolite, felspar, quartz and diopside. 

The titaniferous augite has been described bv the author in a 
previous paper^ to which reference may be made. Its chief feature 
of interest lies in its optical character, which 
vanes greatly. 

Wollastonite is well developed in specimen 36/787 (17696) 

which has a density of 2-86. Fibres of the mineral were heated 

W Halt ita. hydrochloric acid and examined from 

^ time to time under the microscope. The cold 

acid dissolved the associated calcite and as it was heated, gradually 
attacked the wollastonite. The general shapes of the fibres were 
unaltered but the birefringence became less and less as a skeleton 
of fine silica developed. Eventually a skeleton of silica remained 
but this bore the shape of the onginaJ fibre.s.* This bears out a 


p. 448-450, (1930). 

Dresden, II, Pt. 1, P- (1914), 
i hydrochloric acid giving a jeHy, 

E 2 
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verbal contention of Mens. P. Ganbert to the author that when the 
percentage of silica is greater than about 48, the fonn of the body 
is unchanged ; but when the percentage of silica is less than 48 jer 
cent., a jelly is formed.^ 

The refractive indices for sodium light of the wollastonite oocuri- 
ing in 36/796 (17601A and B) are as follows : - 


a 

Na 


=l-620±(h001 

=l-632±0-001 


Y =l-634rbO-001 

Ka 


Y — a =0K)O4 


The calculation of 2 V from Bartalini’s formula* shows a value 
of 44®. The mineral is negative. Actual measurement on the 
Federov stage of the wollastonite in section 17696, using a correct- 
ion for the refractive index of the demiboule, gave a value of 
2 V*- 38®. 

Wliat appear to be fibres of pectolite were noted in 37697 and 
tPectoHte. 17598. These have positive elongation. 

Prehnite was recognized in the sections (17601 A and B) of the 
specimen from Kui (36/796) ; it occurs in laths associated with 


Prehnite rhombs of calcite. Its elongation is negative ; 

it is biaxial, positive, and its optic axial angle 
mcasiired for red light by means of the Federov stage is 2 V^66®. 

A specimen of a calcic rock (36/794, 16603) from one mile south 
of Sathpur, between the Kui and Chandrawati gabbros, consists 


Normal limestone. 

inous matter. 


almost entirely of calcite with subordinate 
amounts of quartz, phlogopitic mica and ferrug- 


The calcic rooks in the vicinity of Bhainsasing (sheet 97) are 
profusely intruded by doleritic rocks, some of which are undoul^tedly 


Bhainsasing. 

rocks in this 


the hypabyssal equivalents of the Kui and 
Chandrawati gabbros. Certain of the calcic 
neighl)ourhood show concretionB. One such concrete 


ion (17692 A and B) from one mile west of the hill station 2,168 


feet was found to consist of diopside, zoisite, quartz, miorocline, 
calcite^ iron-ore and sphene. 


» ttw M 1^. Oanbart sUtsd, exoepttons to this role. 

• F. Beohar thoh^ak’s I^ehdmoh 4ar ICinetalogie \ Vienna, p. 211, (ItSl). 



CHAPTER V. 

DELHI BASIC ROCKS. 

Terminology. 

The convenient description ‘ Delhi basic rocks ’ includes those 

basic rooks, associated with the Delhis, which are pre-Erinpura- 

granite in ago ; it also includes basic rocks, 

« f intrusive into the Aravallis, which are pre- 

* Delhi basic rocks *. . 

Ennpura-granite in age. 

From the introduct»ory discussion given in Chapter II, and also 
from the description of the two upper subdivisions, or stages, of the 
Ajabgarh series of the Delhi system, it will 

xact are uiice . been gathered that there is considerable 

difficulty in giving an exact age to the amphibolitic and other basic 
rocks associated with the rocks of these two subdivisions. These 
basic rocks are very intimately associated with the schists and calcic 
rocks of the Ajabgarhs ; they have, in fact, been subjected to the 
same folding movements and processes of metamorphism as these 
rocks. 

They, however, cannot all be regarded as being conieniporav- 
eoH*t with the Delhis, using this word in its strictest sense as was 
done for the basic rocks found at the base of the Aravallis near the 

Not strictly contcrap- Sirohi. Thus there is no evidence, e.g., 

oraneous with the of tuffs being laid down as part of the normal 
Ajabrarhs. secjuence of the Ajabgarh rocks. Intercalated 

sheets of basic rocks, since converted to hornblende-schists, amphibol- 
ites, etc., which are suspected of being sill-like in nature, do occm ; 
these are younger than the rocks between which they occur and with 
which they liave been folded. It is considered, however, that there 
is not much actual difference in age between these sills and the rocks 
into which they are intruded, while some may be contemporaneous 
lavas. It is possible that the earlier members of the Ajabgarhs 
were intruded before the whole of this series was formed and that 
the intrusion was of no one definite age, but continued throughout 
the upper part of the Ajabgarh time epoch perhaps, also, after 
this epoch. Reference may be made here to page 36 on which 
the possibility of some of tihe Delhi basic rocks being due to the 
metamorphism of sediments is admitted. The greater bulk of them, 
however, seems to be igneous in origm. 

A. M. Keroa rftthar doubU tho probability of tbia. 

( 45 ) 
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In certain parts of tne State, particularly in the south on sheet 
97, doleritio and epidioritic rocks, associated with gabbros, are 
found intruding Delhi rocks. These are much 
t^nnger dokritic and younger than the amphibolitic rocks under 
° ‘ discussion and are treated in Chapter VII. 

Where, however, the metamorphism of certain of the basic rocks 
associated with the Delhis has been less severe than is normal, it is 
not possible to state to which of the basic phsises, Delhi or post- 
Erinpura-granite, these rocks belong. 

Mention has already been made of basic rocks associated with 
the Aravallis in the western part of the State. Only a few amygdal- 
oids and tuffs associated with the lowest re- 
ed ttif presentatives of the Aravallis have been re- 

garded as being strictly contemporaneous with 
the Aravallis. Numerous other basic rocks intrude the Aravallis 
and tiie Erinpura granite. We are not concerned here with those 
intruding the granite ; these are generally doleritic in nature and 
can tisually be distinguished with fair certainty from the earlier 
or pr^Erinpura-granite basic intrusives. The other intrusives, post- 
AravaHi but pre-Erinpura-granitc in age, are usually altered to 
amphibolites or epidiorites. It may be that they were intruded 
into the Aravallis at the close of the AravaUi period or during the 
time interval that elapsed before the laying down of the Delhis 
on the eroded edges of the Aravallis. It may be, on the other hand, 
that these basic rocks belong to the same phase as the Delhi basic 
rodrs mentioned above. This point cannot be decided, but it is 
convenient to consider them as the representatives of the Delhi 
basic rocks. However it must again be emphasised that there is 
no positive evidence for this correlation. 

Basic Rocks, Pre-Erinpura-Qraaite in Age, associated with 
the Ajabgarh JVUca'Sehists, etc. 

It has been considered advisable to follow the areal subdivis- 
ions of the mica-schists and phyllites adopted 
in the description of these rocks. 

The basic rocks associated with the mica-schists and other types 
in the large spread stretching from Keshavganj (sheet 118) nearly 
to Abu Road (sheet 97) are numerous and 
■fca : A«Smlue 4 dil^ present a variety of lypes. In tiie vicinity 
of Eojia (sheet 119) actinolite-sohists (36/73, 


SuNiviilon. 



DELHI BASIC ROCKS. 


47 


17048) are common. The predominant mineral is actinolite with 
the following scale of pleocliioism : — 

21 ssyellowish green, 
b =dark yellow-green, 
jC =green. 

Absorption : — C ^ b > 

Quartz and felspar also occur. 

Tremolite-epidote-diallage-rocks (34/231, 16188) crop out near 
Sawarli (sheet 119) ; the diallage shows small twinning lamellae 
parallel to (001) and also possesses a fine (100) cleavage. ‘ Feather ' 
amphibolitic tyj>es (1G189) were noted near the same village ; these 
contain abundant actinolite in radiating clusters of crystals, epidote 
and finely granulated quartz. The pleochroism of the actinolite is : — 
a ==pale yellowish green, 
h =yellow-green, 
t =dark green. 

An actinolite-calcite-epidote-rock (16192) was noted further to 
the south-west, 1^ miles south of Kodarla (sheet 119) ; the epidote 
is very strongly pleochroic, pale yellow^ to greenish yellow. Quartz- 
actinolite-schists (34/269, 16228) occur in force one mile north- 
west of Watera (hheet 96) ; these ako contain chlorite and a little 
sphene. 

An interesting suite of amphibolitic specimens (36/162, 17140 ; 
36/163, 17141 ; 36/164, 17142) was obtained two n^es north-west 
w/ ^ of Watera. The mean specific gravity of the 

three hand specimens is 2*74. Shde 17140 
shows a rock containing hornblende, quartz, felspar, apatite, chlorite, 
epidote and iron-ore. The pleochroism of the hornblende is : — 
a =yellowish green, 
b ==dark olive-green, 

C =dark blue-green. 

Absorption : — £ — b > a 

Slide 17141 shows a lesser amount but larger crystals of hornblende. 
Biotite occurs in addition to the minerals noted in 17140 and epidote 
is more abundant. Quartz is predominant in sUde 17142 but large 
crystals of hornblende, with the same pleochroism as above, are not 
uncommon. The microscopical characters of this suite of specimens 
resemble those of similar rooks in the Aravallis occurring in the 
north-western corner of sheet 118 {see pp. 49-63). 
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Very highly epidotised rocks (34/286, 16196) occur north-east 

o „ « of Wasa (sheet 119) ; these consist almost 

Ramserji-Oadh area. ^ .j ^ J i-. i ^ 

entirely of epidote, actmolite and quartz. 

Scapolitiscd epidiorites occur about 2J miles north-east of 
Waloria; these (16200) contain diopside-augite, hornblende, quartz, 
felspar and abundant soapolite which has a low refractive index and 
is uniaxial and negative. Banded amphibolites (16226), fine-grained 
and containing ? actinolite, zoisitc, epidote and quartz occur in the 
vicinity of Bohera (sheet 119). 

An interesting tremolite-calcite-augite-rock (16184) was noted 

miles east of Sabela (sheet 118). This contains abundant large 
prisms of augite, the maximum extinction 
noted being c: t —63°; besides tremolite and 
calcite, plagioclase, zoisite, quartz, sphene and 
tourmaUne are present. The occurrence of tourmaline is accounted 
for by the nearness to the mass of Erinpura granite forming the 
frontier range. As will be seen, abundant pegmatite occurs in the 
rocks in this neighbourhood. A peculiar amphibolitic type (34/227, 
16182) occurs three miles south of Thandiberi; this has a granulitic 
aggregate of hornblende, quartz, felspar and epidote with apatite, 
sphene and zircon. An actinolite-schist (34/228, 16186) was noted 
two miles E. S. E. of Sabela. This also contains iron-ore. Chlorite- 
actinolite-schists (34/262, 16217) were noted further to the south, 
wr., north-west of Nawawas (sheet 119). 

Biotite-epidiorites (34/237, 161^) occur in the vicinity of Babera 
Hill, 2,273 feet (sheet 119) ; these contain abundant biotite 
in addition to zoned plagioclase, pyroxene, hornblende and 
epidote. 

The basic rocks associated with the Ajabgarh mica-schists 
of other areas in Sirohi possess similarities to the above described 

Other regions f*xamples. The varieties noted vary from 
epidorites to amphibolites to actinolite-schists. 


Bask Rocks, Pre-Erinpiira-Ormiife in Age, associnted with 
the Ajal^farfa Calcic Rocks. 

Basic rocks arc much less frequently associated with the calcic 
rooks of the Delhis than is the case for the mioa-schists. The reasons 




rocki. 


for this are no doubt mechanical, as was sug- 
gested by Dr. A. M. Heron for the corresponding 
soarchy of hasio rocks in the Alwar quartzites 
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(sev p. 36). They occur in force in the calcic rock« near Sabela 
(sheet 118) and in the liills to the north and north-oast of that village. 

Very few basic rocks are associated with the calcic rocks on 
sheet 119, except in the baud of these rocks 
ccurretices. Ramserji quartzite. 

Basic rocks are quite common in the calcic tyjies on sheet 97, 
especially in the vicinity of Jambuii, Baro and Bore ; they are 
again comnron in the (3hoiatankri-Dcri area. A s])ecim(*n of an 
epidiorite (36/780, 17586) from the last area shows traces of the 
ophitic structure of the original doleriti(j rock, though moat of the 
augite is altered to hornblende. It might be that this rock is younger 
than the other t 3 q)es and is really to be correlated with the Kui and 
Chandra wati gabbros, similar rocks occurring in the hills in the 
vicinity of Bhainsasing. 

Thin contorted bands of basic rocks o(*cur in the limestones about 
half a mile south-west of Dhanwau (sheet 96, north of Abu Road). 
A specimen of one of these (36/159, 17137) is a typical hornblendic 
garbenschiefer^ in appc^arance. The hornblende in this rock has the 
following pleochroism : — 

a=light yellow-green, 
b —light green, 

C==light blue-green. 

Absorption : — U > b > C 

Other minerals noted were quartz, phlogopitic mica, chlorite, calcite, 
felspar and magnetite, the presence of the calcite being due to the 
associated calcic rocks. 

Basic Rocks, Pre-Erinpura-Qranite in Age, associated with the 

Aravallis. 

Mention has already been made of the basic rocks occurring 
in the Aravallis in the extreme north-western corner of sheet 118. 
„ ^ . These have been very severely metamorphosed 

and the ongmal basic rocks appear to have 
derived certain acidic material from the metamorphosing agent, 
the Erinpura gratnite. The usual product is gneissic in appearance 
but all gradations can be seen in the field from a true amphibolite 
to one in which the amphibolitic character is almost entirely lost. 

^ A. Ostmk, * Bosenbusoh’s Elemente der Qesteinslebre Stuttgart, p. 693, (1933). 
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Analyses by Mons. F. Raoxilt of two specimens of tbe hybiici 
rocks are given in Table I, an analysis of tbe Erinpina grt^te,^ also 
*"**T it» Mons. Baonlt, being given for comparison. 

Tbe specimens 26/469 and 26/470 are hybrid 
types ocOTurring at Kawa in Idar State.^ 


I ^ 

!' ' ' “ Tablb I. 



36/C8 

36/69 

34/216 

2B/m 

26/470 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

8iO, 

50-42 

47-64 

71-48 



•no, 

0-80 

1-96 

0-59 

1-63 

1-70 

A1,0. . . 

241 8 

17-46 

13-36 

14-28 

14-78 

PojOg 

1-91 

3-03 

0-06 

2-68 

2-12 

PeO 

2-66 

6-11 

3-83 

6-24 

7-43 

MhO 

0-18 

0-26 

0-09 

0-11 

0-13 

MgO 

1-62 

6-22 

0-83 

1-02 

3-23 

OaO 

4-92 

9-02 

1-40 

4-38 

6-48 

N»,0 

9-89 

7-27 

2-73 

1-98 

2-25 

K,0 . 

2-67 

2-24 

6-43 

3-90 

3-00 

H,0— lOS^C. . 

0-20* 

0-24* 

0-22 

0-09 

0*11 

H*O+108®C. . 

0-69* 

0-94* 

0-67 

0-91 

1-39 

ZnOa 

. . 

. . 

. . 

0-01 

0-01 

CO, 

. . 


trace 

. . 

. . 

P.0, . • 

0-28 

0-22 

0-07 

0*24 

0-32 

Cfl . . . 

. . 

. . 

. . 

face 


Total S (as SO,) 

. . 

. . 

. . 

0-06 

0-06 

Cr,0, . . 

. . 


. . 

. . 

0-01 

BaO 

. . 

. . 

.. 

0-07 

0-06 

SrO. 

*• 

•• 

-- 

trace 

trace 

Totals 

100-21 

100-60 

100-16 

100-03 

100-26 

SpeoiBc gravities 

2-695 

2-965 

2-673 

2-83 

2-87 


36/68 (17036). Hornblende-biotite-ganiet-rock, one mile west of bill station 1,111 
feet (sbeet 118) (P. Baonlt). 

36/60 (17037). Amphibolite, same locality (P. Baonlt). 

34/215 (16237). Erinpura granite, TreTor Tal, Monnt Abn (sheet 96) (P. Baonlt). 
25/469. Eawa hybri<), Kawa, Idar State (W.. A. K. Chriatie). 

25/470. Kawa hybrid (W. A. K. Christie). 

1 C. S. Middknuss, Mem. OeoL Smtv. Ind., KLIV, pp. 134-137,(1927). 

« ±105^0. and not ^lOO'^ C. 
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In Figure 6, tlio percentages of the constituent oxides have been 

plotted as ordinates against the percentages of silica as abscissae. 

« . ^ The alumina percentages taken are the actual 

vanatioti diagram. « , if-,. 

ngures less 12*(X) per cent. Feme oxide has 

been converted to equivalent ferrous oxide and added to the ferrous 

oxide content, the resultant totals being plotted. The unbroken 

lines which join the plotted jiercentages of like constituent oxides 

show the lateral variation of these Sirohi rocks. Broken lines which 

show the lateral variation of the Kawa hybrid t 3 rpe 8 have been 

given for the purposes of comparison, the percentages of the parent. 

Kawa olivine-dolcrite (26/464) and Kawa granite (26/514) being 

inserted.^ 
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SILICA PCRCENTAOeS 

3.— Variation diagram showing the variation of thoperieiitogfb of tbc coiihlii- 
nont osddes of the Erinpnra granite and certain hybrid rocks it foimcd in ^^irohi (un- 
broken linesb and of the Idax granite and hybrid rocks from Kawa, Idar Stale (biokeu 
linM^. 

^ 0« S. Hiddlemiss, op, eii., p. 136. 
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Cofidiisioiift. 


The striking feature of the analyses in Table I is the high percentage 
of soda in tlie hybrid rock (36/68). One would expect the percentage 
of soda (9*89) in 36/68 to be about the same 
as that (7*27) in 36/69. The percentage of 
alumina (24*18) in 30/68 is also higher than that (17*46) in 36/69 
though one would exjx'ct the contrary to hold. The high soda 
content in 36/68 is borne out by the occurrence in the section (17036) 
of a distinctly sodic ainphibole and by the abundance of acidic 
plagioclose. The abundant presence of alumina shows that the 
assimilation is not merely the simple case of digestion of a ba^ic 
rock by an invading granite, but that probably some aluminous 
sediments were also incorporated with the basic rock. The lateral 
variations of the constituent oxides in the Kawa case ar<* much 
smoother and truer to t 3 rpe than for the more complex Sirohi 
example. 

Middlemiss’ rocks are much younger than the Sirohi types, being 
derived from the interaction of an olivine-dolerite with the Idar 
granite, the basic rock being yoimger than the granite and both 
umnetamorphosed. The types occurring in Sirohi are due to the 
action of a granite upon older basic rocks, possibly also with sedi- 
ments the hybrid types being formed under considerable pressure 
and being completely metamorphosed. 

Under the microscope, the acidic hybrid (36/68, 17036) is seen 
to contain abundant pale brownish yellow garnets, sodic horn- 
blende, quartz, plagioclase, orthoclasc, biotite 
and sphene. The pleochroism of the biotite 
is • — 


Mitteralogical contents. 


;|=light greenish yellow, 

]3=dark olive-green, 

£=dark olive-green. 

Absorption ; — £ = b > ft 

It contains many small inclusions of ? rutile,^ regularly arranged ; 
it also exhibits pleochroic haloes around irregular zircon crystals. 
There is one irregular crystal in the section ; this has a high 
refractive index, low birefringence and is biaxial, negative, and 
possesses a very small optic axud angle. 

The amphibolitic type (36/69, 17037) contains hornblende, green 
diopside grading into augite, biotite similar to the previous section. 


^ 0. MClgge, * Ro«enbaaoh*t MikroBkopisoha PhyAlograpUa dor Mineralian tmd 
Qesteine Statt^ 1, Pt. 2, p. 378, (1827). 
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Bpliene, iron-ore and apatite. A good example of zoning in diopsidc 
is shown in figure 4 of Plate 10. 

Basic rocks are very common in this Sirohi-Erinpura tract. 
Epidiorites (17018) crop out in the vicinity of Sirohi, stretching 
towards Danta. Those contain hornblende, with simple twins, 
]>resumably on (100), and diallage-augite, with quartz, felsjiar, 
iron-ore and abundant small prisms of apatite. 

Amphibolitic rocks occur in the vicinity of the Undwaria conglom- 
erate. A specimen (20903) collected by Dr. A. M. Heron from three 

c. ^ ^ ^ ^ ^ miles east of Tokra (sheet 96) is composed 

SIndret'Undwaria tract. , , ii j * i . , , 

of hornblende, felspar, iron-ore, chlorite and 

epidote. 

One mile south-east of Baida (sheet 96), amphiboUtic rocks 

(42/308, 21224) occur which are composed chiefly of hornblendi' with 

„ „ „ , , , diopside, felspar and quartz. Further south- 

Dodia-Malgam tract. j. • it- • .i 

west in this same region, other occurrences 

are met with. At times these rocks j)ossess a definite schistose 

structure (42/313, 21229; 21186), being composed of bundles of '( 

tremolitic hornblende prisms with quartz, felspar and iron-ore ; at 

others the schist osity is not well defined (42/314, 21230), these 

varieties usually laissessing a gn-ater amount of ])lagioelii8<‘ felspar. 

Somewhat similar rocks ar«‘ found IJ miles E. S. E. of Nagani (sheet 

96), a speciuK'H (42/175, 21065), showing hornblende and biotitc 

with abundant })lagioclase felspar. The amj)hibolitic rock is 

intruded by quartz-felspar-tourmaline-pegmatite of Erinpura -granite 

age and also by a .sheared epidiorite (42/172, 21066) mentioned in 

Chapter VII (sec p. 100). 

Basic rocks are common near Amlari (sheet 96) in the isolated 
outcrops forming the first two series. These, how'ever, have been 

^ . .vr t. A.,. provisionally ascribed to the post-Erinpura- 
and Motasann-HaUwara gramte basic phase. This is also true of 
renmanto and Anadra- tjjg basic rocks in the Motagaun-Haliwara 
remnants. Pre-Erinpura-granite basic rocks 
are uncommon in the schists of the Anadra-Mandar area. In certain 
basic rocks occurring near Perwa (sheet 96), metamorphism has not 
been intense, but the usual type (17620) shows abundant tremolitic 
hornblende, the centres of which are composed of a faintly pleochruic 
enstatitio pyroxene with lower birefringence and higher refractive 
index and with straight extinction. 



CHAPTER VI. 


THE BRfNPURA GRANITE AND ITS ACCOMPANYING APLITES 
AND PEGMATITES. 


Nomenclature. 


Nomenclature and Distribution. 

The name ‘ Erinpura granite ’ originated from La Touche,^ the 
type area being the hilly country in the vicinity of Erinpura. He 
did not retjognizo it further west than Erinpura 
but mentioned that it stretches south into 
Sirohi. La Toiiclu^ described the Erinpura granite as an exce(‘dingly 
coarse granite, the felspar crystals of which are frequently three or 
four inches in h»ngth, the other constituents, quartz and mica, being 
proportionately large. TT<' noted that it is foliated along lines 
parallel to the junction with the schists and that it includes fragments 
of these ; also in sonic eases the rocks in contact with the granite, 
e.g.^ the Sarangwa marble, have been altered. It will be seen that 
this Erinpura granite is not really a granite but an adamellite. As 
the term Erinpura granite has been used now for some 29 years, 
it has been decided to retain it in its general sense. 

The Erinpura granite covers by far the largest area of any rock 
in Sirohi State. The massif of Mount Abu is almost entirely com- 
posed of it, the granite continuing unbrokenly 
to the type area of Erinpura in the north and 
to Palanpur State in the south. It forms a number of isolated 
outcrops in the eastern part of Sirohi which may be designated for 
descriptive purposes the Moras, Waloria, Bhula, Bhamoria and 
Gorsa outcrops. There is a very large spreal of Erinpura granite 
in the western part of the State, which may be tirmed the Kalandari- 
Dantrai outcrop ; isolated exposures, the Magriwala-Mandar out- 
crops, also occur here. 

The Erinpura granite forming the Abu massif has been intruded 
Intniiive nature of the junction of the Aravallis with the Delhis ; 
Erinpina sraotte* the outcrops in the eastern part of the State 

^ T. D* La Touohe, Mem. Oeol. 6urv, Ind.^ XXXV, p. 18, (1902). 
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occur as intrusions in Delhi rocks ; and the outcrops in the western 
p<irt of the stat3 occur as intrusions in the Aravallis. 

There is no possible doubt that the Erinpura granite and its 
acconipan 3 dng aplites and pegmatites are intrusive into both Aravalli 
and Delhi rocks. Various injection rocks and hybrid types have 
already been described. Roof-pendants of all sizes and descriptions 
have been noted. Included fragments of Delhi and Aravalli rocks 
are common. Contact metamorphic products upon large and small 
scales are frequent. The mechanics of intrusion of the granite 
forming the massif of Mount Abu will, however, be discussed later 
in this chapter {see pp. 74-76). 

Mount Abu. 

Mount Abu is long and narrow, but the top spreads out into a 
picturesque ])lateau about 12 miles in length and between two 
to three miles in breadth. The top of Abu 
conveniently divided into three undul- 
ating a^easi-the northern area lying to the 
north-easi of (hiru Sikkar, the highest peak, some 5,050 feet above 
sea-level, containing the villages of Ser and Utraj ; the central area 
in which li<' tin' villages of Oria, Achalgarh, Jawai, etc. : and the 
southern area, with 8algaon, Abu, Hetamji, etc. The southern 
area is the site' of the civil and military station and in it lies the lake 
Nakki Tal, 3,771 feet above sea-level. High peaks rise on all sides 
of these undulating areas with their succession of liills and dales, 
and the slopes of the whole moimtaiii, especially on its western and 
northern sides, an* extremely precipitous. Dilwara, in the northern 
part of the southern region, is the site of the most wonderful Jain 
temples in the world {see p. 168). 

The variation in grain-size and mineralogical contents of the 
granite has its effect upon the weathering of the rocks. Smooth 
rounded slopes are the commonest feature and 
grwrilS!****^***^ **** these make the ascent of some of the bordering 

peaks a perilous undertaking. Undercutting 
by solution and weathering, assisted by wind erosion, is very notice- 
able, sometimes resulting in fantastic shapes and designs which make 
prominent landmarks. Caverns and large holes are common and 
porphyritic crystals of felspar, which have been more resistant to 
the agents of denudation than the other mineralogical constituents 
of the rocks, show out very frequently on weathered surfaces. 
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There ie a remarkable parallelism between the eastern and western 
boundaries of the Eriupura granite forming the massif of Mount 
Strike hoth coinciding with the general strike 

of the Aravalli and Delhi rocks and the main 
foliation direction of the granite, i.e., N. N. E.-S. S. W. 


Abu Bazaar. 


Petrological Notes on the Erinpura Granite of Mount Abu. 

The granite in the neighbourhood of the Abu Bazaar (34/223 ; 
16230) appears as a homblendic gneiss, specific gravity 2*66, con- 
taining abundant hornblende, quartz, felspar, 
a little biotite, sphene, zircon and some iron- 
ore. The pleochroism of the hornblende is : — 
a ==light brown, 
b =dark green, 
jC =dark green. 

Absorption : — C > b > a 
Both orthoclase and plagioclase arc present, the former in beautiful 
eutectic intergrowths with quartz. Microperthite also occurs. The 
felspars are slightly clouded but an albite twin was found by Federov 
stage methods to have individuals of 35 and 40 })er cent. An in 
composition. ‘ Tlie percentage of silica in this rock was detomined 
by Mr. L. K. Sharma as 65-62. The sphene is very interesting as it 
surrounds centres of ilmenite. Th(»re is a very wtII marked gneissic 
banding in this area. 

Between the Bazaar and Sunset Point, the colour of the felspars 
changes from white to flesh-coloured and the granite become fine- 
grained (34/222, 16231) and has slightly less specific gravity (2*63). 
Fluorite occurs in the section. Occasional bands of biotite can be 
seen in the soil, but these are probably the remnants of decomposed 
bands of pegmatite. 

About IJ miles south-east of Nakki Tal, the granite (34/221, 
16232) shows bluish-coloured quartz, large crystals of felspar, with 
hornblende and biotite, largely altered to 
T»?'*^'**** chlorite, in a finer-grained groundmass (specific 

gravity, 2*63). Flourite is present. One sect- 
ion of orthoclase appears to be positive in optical character, but on 
account of the large value of 2 Y, it is impossible to state with 
certainty whether the section is perpendicular to it or to jc . This 

^ A« L. OedboA, Mw. ML Bturp* Ind,, LXV, p. 167, (1031). 
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variety of rock forms the hills around hill station 4,596 feet and 
those towards Gau Mukh. 

Included fragments of amphibolitic rocks are common near 
Hetamji and Ama. These (34/220, 16233) show prisms of horn- 
bleiuh' with fine-grained quartz and felspar, 
e afti]i. Along the old road south-west of Hetamji, 

the granite (34/219, 16234) becomes more biotitic and gneissic, the 
quartz Joses its bluish colour and the groundmass is finer-grained 
(specific gravity, 2-63). An albite twin has individuals of composit- 
ions 42 and 35 ])er cent. An * A small quantity of fluorite is present. 
N<‘ar ihe Abu High School the gneissic structure is lest, the rock 
being a normal ])inkish-c()loured granite (34/218). 

Near Anadra Gate, Ihe quartz is bluish in colour but the rock 
(34/217, 16235) is otherwise a normal biotite-granite (specific gravity, 
Anadra Gate and Dll- 2*60) with no foliation. The Erinpura granite 
on the back road to Dilwara from Nakki Tal 
is strongly foliated (34/216, 16236) and is quarried here for use as a 
building stone. The section shows abundant biotite and micro- 
pert hitic intergrowths are common. Xenolithic relics of mica-schist s 
were noted in the quarry. 

Proceeding north to Trevor Tal, one notes that the granite 
(34/215, 16237) is similar in appearance to that in the vicinity of 
Abu Bazaar, but contains abundant biotite 
Trevor Tal. hornblende. This specimen was select- 

ed as being as nearly as possible typical of the Erinpura granite of 
MoTint Abu and was analysed with the results given on page 59. 
The section shows sphene with ilmenitic centres, in addition to 
quartz, plagioclase, perthite and biotite. 

To the south-east, in the vicinity of Salgaon, the usual tjiqpe of 
rock met with (34/214, 16238) shows large phenocrysts of microcline, 
with perthitic intergrowths, and quartz, set 
Salgaon. ^ finer-grained groundmass of the same 

minerals and plagioclase. A little biotite and hornblende are present ; 
fluorite occurs. The large phenocrysts of felspar show out on the 
weathered surface of the rock. 

The variations in grain and structure of the Erinpura granite 
are equally apparent in the northern and central areas of the 
mountain. On the road from Dilwara to 
Mount specimens show large phenocrysts of 

microcline with varjdng amounts of biotite, 

^ A. L- Coulson, jpfec. Gcol, Stirv* LXV, p. 167, (1931). 
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and generally possess a definite foliation. At the Oria dak bungalow, 
however, there is no foliation and the rock (34/212, 16240 ; 34/209, 
16243) is conspicuous by its coarseness of grain and the abundance of 
ferromagnesian minerals, hornblende being present in addition to 
biotite. There is a fair amount of calcite and fluorite ; zircon is 
found also (specific gravities, 2*65 and 2*61). Foliation is again 
apparent west of the bungalow and the stone is quarried. Fluorite 
is seen in thin section (16246). Small prisms of hornblende occur 
in a biotitic variety of the granite (34/208, 16244), miles W. N. W. 
of Oria. 

The rock forming Achalgarh Hill (34/213, 16239) is generally 
finer-grained than the Oria types ; it has a specific gravity of 2*64. 

It is interesting to note the occurrence of an 
albite-Ala B complex of composition 32 per 
cent, -iin in this rock.^ Abundant fluorite and muscovite were 
noted. 

Guru Sikkar, the highest peak of Abu, is formed of a porphyritic 
biotite-granite (34/211 ; 16241 ; specific gravity, 2*66) with some 
hornblende, fluorite and sphene with ilmenito 
centres (spc Plate 11, fig. 3). Just below the 
summit, there is a local variation of a finer-grained rock (34/210 ; 
16242), also with fluorite ; but the bulk of the hill is composed of 
the porphyritic variety. There is practically no path to Utraj 
and Ser from Guru Sikkar but as far as could be seen, the northern 
area of Abu is also composed of variations of the Erinpura granite. 


Achals:arh. 


Quni Sikkar. 


Composition of the Erinpura Granite of Mount Abu. 

An analysis by Mons. F. Jlaouit of a specimen (34/216) of giey 
Erinpura granite from Trevor Tal is given in Table II, which also 
contains, for ready comparison, an analysis of 
a specimen of red Erinpura granite from Waloria 
(i^eet 118) in the Sirohi-tJdaipur frontier region. The other 
analyses in the table are taken from Hatch’s ‘ Textbook of Petrol- 
ogy, I, Petrology of the Igneous Bocks’,® and Clarke’s 'Data of 
(£^emisitity 

^ A. L. Coolson. Bee. Cfeol. Sure. Ind., LXV, p. 183, (1931;. 

* F. H. BaMt, eH., London, pp. 17S, 170, ( 1914). 

* p. W. Olwk., V. 6- Otdl. Svrv., Bull. 696, p. 498, (1930). 
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Table II. 



34/216 

84/246 

Mean of 
84/215 
and 

A 

B 

C 

D 


Per cent. 

Per cent. 


Percent. 

Per cent. 

P er cen t. 

Per cent. 

W03 . 

Tl-48 

79-06 

75-27 

71-90 

76*01 

71*26 

68*07 

TIO. . , . 

0*50 

trace 

0-29 

0*36 

.. 

. . 

. . 

A1.0. 

13-35 

11-34 

12-35 

14-12 

18*47 

18*03 

14*80 

®‘egO, . 

0-06 

0-66 

0-36 

1-20 

1*54 

1*29 

3-20 

FeO . 

3-83 

0-21 

2-02 

0-86 

. . 

0-84 

. . 

MnO . 

0-09 

trace 

0*05 

0-05 

.. 

. . 

.. 

MgO . 

0-33 

.. 

0-16 

0-33 

0-06 

0*38 

1*15 

CaO . 

1-40 

0-28 

0-84 

1-13 

0*54 

2*61 

3*82 

Na,0 . 

2-73 

2-44 

2-60 

4-62 

2*32 

2-25 

2*40 

EgO ... 

6-43 

6-89 

6-00 

4*81 

5-67 

3-00 

4*63 

HjO— 106*0 

0-22 

0-33 

0-27 

0-18 









y 0-66 


0*70 

H,O-H06*C 

0-67 

0-32 

0-45 

0-42 

J 



COt • • » 

trac 0 

.. 

trat$ 

0-21 

.. 


.. 

P,0, . 

0-07 

• • 

0-03 

0-11 

.. 


.. 

other constituents 

.• 

•• 


0-16 

0*12 


.. 

TOTAM 

100-16 

100-62 

100-33 

100-35 

100*19 

100-19 

09*72^ 

Spedfle gravities 

2-073 

2*603 

2-638 

•• 

•• 

•* 

•• 


34/216. Grey Erlupura praultc, Trevor Tal, Mount Abu (Bheet 96), Sirohi State, Rajputana (F, 
Rooult). 

34/240. B.od Erinpura granite, east of Waloria (sheet 118), Sirohi State, Bajputana (K. Baoult). 

A. Oranitlte, near Floressant, Ck>lorado, U. S. A. (W. F. Hillebrand). 

B. Potash-granite, Calrngoim, Central Highlands, Scotland (W. Mackir). 

0. Aduniellitf, Abriachan, Loch Ness, Scotland (W. Mackie). 

D. Adamellite, I^ndsberg, Vosges Mountains (Unger). 

The analysis of the Trevor Tal Erinpura granite (34/216) indicates 
a rock more correctly termed an adamellite. The silica percentage 
(7148) is comparable with that (71'26) of the 
Study of ana y»e«. adamellite from Abriachan ; but the alumina 
(13*35) is more comparable with that (14*80) of the adamellite from 
Landsberg. The granitite from Flourissant contains microcline, 
albite, quartz and biotite and its silica (71*90) and alumina (14*12) 
contents bear some relationship to those in the Trevor Tal specimen. 
The analysis of the Waloria potash-granite will be discussed in detail 
later in this chapter {see pp. 62-66). 
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The mean specific gravity of nine spec- 
- „ imens of Erinpura granite from the massif of 

Mo,nt Abu is 2-63. 

The mean composition of six individual felspars forming twins 
or cmnplexcs is 36 per cent. An. The Federov stage results for the 
felspars support the results of the 
*** analyses in indicating that the Erinpura 
granite should more correctly be termed the 
Erinpura adamellite from its occurrences in the massif of Mount 

Abu type of Erinpara This will be seen to be true for most 

granite really an adam- other regions besides Abu ; but in certain 
®^***®* exposures, as at Waloria and Bhamoria, the 

Erinpura granite is a potash-granite. 

The Erinpura granite in the Abu region is biotitic, with subord- 
inate hornblende. Its usual colour is grey. The largefjt felspars 
are microcline or orthoclase, sometimes inches in length and usually 
containing perthitic intergrowths of acidic plagioclases. Graphic 
and micrographic intergrowths of quartz and potassium felspars 
are rare. Plagioclase is present to an equal extent with the potass- 
ium felspars. Quartz is abundant. The commonest accessories 
are fluorite, iron-ore, sphene and zircon. It will be noted that 
fluorite occurs in ten of the sixteen thin sections described above. 
As will be seen later, this mineral is also characteristically present 
in the Erinpura granite of the plains. It is worthy of note that 
Dr. Heron ^ foimd fluorite to be an unusual accessory in the post- 
Delhi granite of North-Eastern Rajputana. He does not record 
it in the post-Delhi granite bosses of Western Jaipur,^ although 
these are all examples of the Erinpura granite, but a long distance 
to the north-east. 

Erinpura Granite Between Abu and Erinpura. 

The variations in the nature of the Erinpura granite forming 
the ranges and plains in the area north-east of Mount Abu are similar 
Vsfiaiioiii tlndltr to to those found in the Abu tnassif, with which 
Atii massif. it is perfectly continuous. 

Residuals of Erinpura granite in the Idar granite occur between 
hill station 2,181 feet and the main mass of Erinpura granite. The 
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large residual north-west of Attaji ka Mul (sheet 95) is oomposed 
of very porphyritic crystals of quartz, felspar and biotite, the 
felspars being as much as two to three inches in length (36/78, 
17056). The strongly foliated type found at Attaji ka Mul (36/79, 

17057) resembles the normal Abu exposures but also contains a 

fair quantity of hornblende and sphene. The Erinpura granite 

cropping out in the vicinity of the village of Danta (sheet 95) is 

profusely intruded by a series of felspar-porphyry dykes (see 
Chapter IX) ; it is generally very coarse-grained and grey in colour. 

The amount of biotite in the Erinpura granite is increased near 
its junction with the phyllitic rocks east of Sirohi ; the foliation 
of the rook ‘dips* strongly E. S. E. The 
contents var- biotitic the rock, the softer and more 

easily weathered it becomes, forming low hills. 
The hills generally are high near Harbor (sheet 117), where little 
biotite is found, but felspar is abundant, the rock being less easily 
weathered. A short distance away, however, in the neighbourhood 
of Dharmano, the rock is once more very biotitic. Large ‘ eyee ^ 
of felspar are conspicuous near Godana ; these (36/67) usually 
contain a certain amount of biotite. 

There is a relative abundance of pegmatite in the Erinpura 
granite of this region. 

There is some doubt as to the exact age of the porphyritic granite 
(17040) forming the hill one mile S, S. W. of Andor (sheet 94). 

This has been mapped as Erinpura granite, 
though it is possibly a porj)hyritic form of Idar 
granite (see p. 115). It contains abundant inclusions (17039). 
Another doubtful porphyritic rock w^as noted in the southern 
extremity of the ridge one mile west of Andor, its relations with the 
Idar granite forming the rest of the ridge being obscure. This rock 
(36/70, 17038 A and B) contains large Baveno twins of orthoclase, 
its ferromggnesian mineral being a strongly pleochroic biotite. 


Hillf near Andor. 


Moras Outcrop. 

The outcrops of Erinpura granite in the region east of the Mount 
Abu-Erinpuia region will be now described. The first of these, 
cropping out in the north-eastern corner of 
******* State, forms the high hills, east of Pind- 
wara (sheet 118) and stretohing south to Moras 
(ihist 119). which mirk the frontier between Sirohi and Udaipur 
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Tlie metamorphitini of the mica^sohists in this region has been very 
intense; it was acoompanied by abundant injection of pegnialite, 
the result being that in the field it is veiy o^n a matter of eon- 
iiderable diflSoulty to decide whether a given specimen is an inject- 
ion-gneiss or a strongly foliated granite (16181). A specimen of 
granite from Moras (34/240, 16203), of specific gravity 2*69, con- 
tains abundant Jarge crystals of jnicrocline, with biotite as the 
ohief fcrromagnesian mineral ; epidote is present in fair quantity. 


Waloria and Bhamoria Outcrops. 

It is convenient for descriptive purposes io consider the Waloria 
and Bhamoria outcrops together. I'he former occurs as a large 
Locality niass south-east of Waloria, culminating in 

the frontier peaks of Bormal (2,460 feet) and 
hill station 2,809 feet. The latter outcrop is on the borders between 
War and Sirohi and between Danta and Sirohi (sheets 119, 120 
and 97), and includes the hill station of 3,080 feet. 

The correlation of these outcrops with the Erinpura granite has 
been a matter of considerable discussion, inasmuch as the physical 
Different from Abu appearance of the granite differs considerably 
type of Brinpuni gran- from the types described in the foregoing 
**** pages. Hand specimens (34/246, 16209 ; 

34/247, 16210; 34/248, 16211; 34/249, 16212; 36/774, 17678; 36/ 
775, 17579 and 36/776, 17580) indicate a flesh- to pink- or red-coloiircd 
rook with strong foliation ; a definite vertical jointing assists the for- 
mation of steep gorges, totally different from what are found in the 
Erinpura granite of other parts. Under the microscope, the granite 
is seen to be composed of raiorocline perthite, quartz and plagio- 
olase (little) with subordinate biotite in the Waloria spoeimens and 
subordinate hornblende and biotite in the Bhatnoria rocsks ; epidote 
and sphene are common accessory minerals. The grain-size varies, 
being at times coarse, at others, fine. The subordinate quantity of 
ferromagnesian minerals and plagioclase is very noticeable. 

An analysis of 34/246, from east of Waloria, has been given 
previously {see page 59)* The ^>ercentage of silica in this granite 

determined independently by Mr. 1.. R, 
Mharma as 76*85 (79*06 by Mons. F. Raoult) ; 
its specific gravity is 2*61. A comparison of the analysis of 34/246 
with that of 34/215, the Erinpura grauite (really adamellite) fipom 
Trevor Tal, shows there is considerable difference in composition 
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between these two rocks. The Waloria type is far more acidic. 
Its silica content is 79*06 compared with 71 *48. A glance at Table 
II shows its similarities to the potash-granite from Cairngorm ; 
but it is even more acidic than that rock. It is, however, best 
described as a potash-granite. The relative absence of ferromag- 
nesian minerals in tlie hand specimens and thin sections may be 
compared with the abundant presence of biotite, with subordinate 
hornblende, in the Erinpura granite of Abu. Also, as noted before, 
plagioolase is sufficiently abundant in the Abu variety to warrant 
the rock being termed an adamellite. 

All this does not mean that the two types. Waloria and Abu, 
are parts of different origiiml magmas. The composition of the 
Erinpura granite is known to vary greatly ; this is not to be w ondered 
at Avhen the immense si;5e and wide* distribution of its oee-unences 
are taken into acijount. Tlu' rate of cooling in certain parts has 
been extraordinarily slow, allowing the formation of large crystals 
and of differentiates of \arying (tom position ; the cooling in other 
])arts has been rapid, or tlie magma has been subjected to pressure 
and there has been no chance c»f differentiation taking place. 

Dr. A. M. Heron has obtained <‘onclusive evidence of the 

interrelationship of the A\"aloria type with the Abu type of Erinpura 
granite. The following is a (juotation from 
noiM*. **®*^®”* his notes upon a traverse made in the frontier 

legion of Ihlaipur and Sirohi : — 

‘ The red granite between Perlai and Paba appears to form a great sill, dipp- 
ing to the iiorth-w'est in concord with the “ grain of tlic country, and is foliated 
in the siinic direction. 1 crossed it from Perlai to Paha over the cluster of hills 
at the tri junction of Mow'ar, Idar and SirohL Long before the mail* granite is 
onoount<>nMl, shoels of nnl microgiMnito or aplito arc met with in the calcaitjous 
series, foliated and dip]ung with the calcareous rocks, calc gncisses and calciphyres. 
It is i»ractically do\oid of mica, and so perfectly and so straightly foliat(xl that 
it might almost he called “ slaty ” or bedd<Hl Thoiigli hanl, it breaks readily 
into small rectangular blocks and w^eathers with shar)) tniges, unlike granite, but 
more like felsito, which it resembles in aj)pearanc(\ It is the same as the pink 
folspathio graiiulites mentioned above. 

‘ Passing into the main granite, at its base acconliiig to its position, but no< 
neccBsarily its stratigraphic base (/tee below), the grain of the rock become-, macio- 
soopioally visible, but it is still fine-grained and compact, and very little mica is 
seen until the top is reached. It does not weather into rounded “ tors in the 
manner typical of granite under insolation, but disintegrates into angular debris, 
and forms blocky outcrops more like those of quartzite than granite. Where it is 
coarsest, these blocks have rough surfaces showing tho foliation by differential 
otohiDg on weathering. 
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‘ At the top of the main sheet, biotite becomes relatively abundant, and on 
the track leading from Paba to Bori ki Bhuj, just south of the northern edge of 
Central India and Bajputana sheet 120 (Bombay shoot 143), the red granite and 
the Erinpura granite are found in close juxtaposition, and arc here very alike 
(except in their colour), oven in the manner in 'which they weather. The 
presence of biotite in the red granite appears to have a weakening effect on it, 
as regards its resisting power against weathering, for in the ridge it is not 
mioaoeouB, and the micaceous portion lies in low ground along the north-western 
base of the ridge. As the entire formations here arc very probably inverted, as we 
are presumably near the north-western (inverted) flank of the Delhi synclinorium. 
What I have referred to as the top and bottom of the main sheet of the red 
granite are quite likely the bottom and top stratigraphically, and on this 
assumption the red granite is more biotitic, i.e., more basic, towards the 
actual base of the sheet. 

‘At first I thought that there was a complete transition between the two 
granites, but a section just north of the southern edge of Central India and 
Rajputana sheet 119 casts a little doubt on their perfect and mutual gradation 
i)f one into the other, though it very nearly happens. 

‘Immediately west of the most southerly houses of the scattered village of 
Bori ki Bhuj, both granites are exposed in a little scarp, the grey Erinpura granite 
above and the red (or here pink) granite beneath, both well-foliated, both biotitic, 
and with much the same grain. The latter is yellowish in places, this probably 
being a bleaching effect of weathering. 

‘ The junction between the two is not shaip, such as it would be if the red 
granite had been intruded into the Erinpura grey granite while the latter w'^as in a 
solid state, but appears as if the two had both been equally fluid when they came 
together, or as if they 'were differentiates in sUn from the same magma. 

‘ The several varieties of the red granite and its pink pegmatites and sheets 
of fine-grained felsite-like aplite, can bo matched by variations of the post-Delhi 
granite in northern Rajputana (Jaipur and Ajmer-Mcrwara), just as the various 
forms of the Erinpura granite here are represented in different intrusions in north- 
ern Rajputana, and there every gradation between the two has been seen. The 
red granite is here just as much foliated, and in places even more so, than the Erin- 
pura granite, and differs from it only in the colour of the felspar, and in being, as 
a rule, less biotitic, though not always.’ 

Thus it may safely be concluded that the Waloria and Bhamoria 
outorops originated from a granitic magma more acidic than the 
average composition of the large outcrops of 
BlumSite t^!^*^** Erinpura granite. This more acidic 

magma is considered as being an acidic differ* 
entiation product of the large original magma which gave rise to 
both types ; the grey normal Erinpura granite (adamellite) is slightly 
more basic than the original magma; the red Waloria potash- 
granite is distinctly more acidic than the original magma. The 
Waloria and Bhamoria exposures resemble the Idar granite rather 
than the grey Erinpura granite in composition; they differ of 
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coarse in age, the Idar granite being far younger than the Waloria 
and Bhamoria types, which must be considered as being to all 
intents and purposes contemporaneous with the grey Erinpura 
granite. 


Bhula Outcrop. 

The Bhula outcrop lies more or less between the Waloria and 
Bhamoria exposures (but slightly ‘ staggered ’). It, however, differs 
entirely from these in appearance, resembling 
Abu^^Sl**** '***®***** the grej' Erinpura granite of Abu and being 
even more basic than this. A gneissic spec- 
imen (.34/250, 16214) from Nawawas (sheet 119) shows abundant 
biotite. epidote (pleoohroic, colourless to light greenish yellow), 
felspar and quartz. The abundance of biotite has resulted in the 
rock being easily weathered, with the consequence that the granitic 
exposures here form the low-lying ground, calcic rocks and amphib* 
olite.s forming the hilly coimtry. 

A specimen (34/255, 16221) from Bhula (sheet 119) contains 
diallage and chlorite in addition to the minerals noted above. The 
more basic character of the rock is evidenced 

More basic than rte composition of the felspars. Determ- 

Abu and Waloria types. . , ™ j . ..i. j . 

ination by Federov stage methods of the 

individuals forming albite twins and perkline twins gave a com- 
position of 40 per cent. An. A section (16224) of the Eriirpura 
granite from south of Sanwara (sheet 119) also shows small inclus- 
ions around which arc pleochroic haloes. The Erinpura granite is 
very epidotised in the vicinity of Mandwara (16223). 

The rock (34/234, 16195) in the isolated exposure of Erinpura 
granite near Wasa (sheet 119) resembles the Abu types, containing 
abundant biotite, but it also shows a fair 


Wait. 


amount of muscovite. 


Gorsa Outcrop. 

The bow- or boomerang shaped outcrop of Erinpura granite in 
the vicinity of Qorsa (sheet 97) resembles in its field relations the 
Bhamoria intrusion as described in the quota- 
Pkld retattom. from Dr. Heron’s notes. There is no 

doubt that this outcrop is that of a sill-like sheet of granite which 
appears to have been intruded through the calcic rocks. 
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Hand specimeus and sections (36/783, 17688) of this Goisa 
granite, taken from IJ miles south-west of the hill station 2,773 
feet (sheet 97), indicate a fine grained rock 
inc'gra roc composed of quartz, orthoclase and abundant 
plagioclase, with subordinate hornblende and biotite and accessory 
iron-ore and cpidote. A section (17690) of a sinailar specimen from 
half a mile south-west of hill station 2,842 feet shows microcline ; 
this occurs isolated from the main Gorsa outcrop. The texture of 
another isolated outcrop (36/785, 17691) at 8ur Paga (sheet 97) is 
much coarser ; abundant muscovite was noticed in the section. 

In his ‘ Preliminary Note on the Geology of Donta State (N. 
Gujarat) ’, Mr. Sharma has ma])i)cd the Eriiipura granitic masses 
in this region as microgianitt's and granite- 
poTj)hyries. He states ^ that 


N. L. Shartna. 


' the microgranite masses are those of the Monagir ridge and near Padlio-ka* 
Ohapra at the Danta-Sirohee boundary. The granite-porphyry rook is characteristic 
of iCotesar and Amba Mata areas *. 


'rhe author of this memoir originally regarded these rocks as 
being probably contemporaneous with the Jalor granite f but he 
has since modified that view, now regarding 
Erlapaw them as variants of the Erinpura granite and 
not representatives of the much younger (Jalor 

or Idar) granite. 


Kalandari-Dantrai Outcrop. 

The outcrop of Erinpura granite designated the Kalandari- 
Dantrai outcrop occurs as a very large spread in the western part 
. ^ , of sheet 95 and in the north-western T)art of 

Intni e yo erroc gg, Hg tracts of Axavalli rocks occur- 

ring as isolated masses in the granite have been described in Chapk'r 
in. Besides being divided by these Aravalli rocks, the Eiinpura 
granite in this region is profusely intruded by doleritic rooks which 
have no counterparts in the eastetn part of the State, with the 
exception of the gabbros and dolerites occurring south of Abu 
Road (sheet 97). A hue suite of plutonic, hypabyssal and volcanic 
rocks of interesting characters intrude the Erinpura granite in the 
yipinity of Mundwara (sheet 95). These are described in Chapter 
VII. Granitic and acidic hypabyssal types, belonging to thcMalani 

1 N. Ifc SlutfUi, <t, J. Gtd. Min. U*i. 8oe. Ini,, m, p. 26, (1881). 

* Ae. CM. Snrp. Ini., LXI, 132, (1928). K. L. Sturma, op. eiU, p. 27. 
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system, arc especially numerous on sheet 95 ; these intrude the 
Brinpura granite and aio distinctly younger than it («cc Chapters 
VIII and IX). 

The usual type of Erinx^ura granite found in the Kalandari- 
Dantrai region is a grey coarsely crystalline rock (42/219, 21120) 
composed of quartz, orthoclase and microcline 
usual type of sranite. perthite, plagioclase and biotite. Mus- 

covite is frequently present. The biotite often exhibits abundant 
pleochroio haloes. Common accessories arc fluorite, iron-ore and 
sphcne. In contrast to the Ahu types, gneissic structure is not 
generally well marked. Foliated types do occur, as, e.j., miles 
N. N. W. of Akona (sheet 95), but they are not so common as un- 
foliated types. The Akona specimen (42/246, 21162) has a specific 
gravity of 2*68. It is assotaated with a finer-grained aplitic type 
(42/257, 21063). 

The biotitic Brinpura granite (42/179, 21070) at Nagani (sheet 
96) is interesting as the felspars arc characterised by a greenish 
tint, due no doubt to sericitisation ; pcrthitic 
intergrowths of oithoclase and acidic plagio- 
claH(‘ are common. The granite in this region contains abundant 
undigested fragments of mica-schists, nietamori)hosed to granulites 
(12/178, 210G9). 

There is a fine-grained granito (42/181, 21073) just west of Dhan 
(sheet 96) containing abundant quartz, microcline and plagioclase, 
wdth biotite, muscovite, iron-ore and fluorite, 
which is associated wdth a coarser-grained type 
(42/182, 21074), the biotite of which contains numerous inclusions 
of fluorite and radioactive minerals. The junction between the 
two types is unfortunately masked by vegetation ; but there seems 
little doubt that both are modifications of the Brinpura granite, 
the finer-grained type resembling the rock found in tlic Gorsa out- 
crop described previously and the coarser-grained variety resembling 
the normal Brinpura granite found in these regions (42/186, 21093 ; 
42/204, 21103). Another specimen (21062) of fine-grained Erinpma 
granite was collected from three-quarters of a mile west of Sirori 


Nagani. 


(sheet 96). 

The relationships of the granites occurring at the junction of 
sheets 76 and 96, forming Nandwara Hill and what may be 


4uitcti[ofi between Idar 
and Erinpura granites. 


conveniently termed the Jirawal hills, have 
been a matter of some difficulty. It will be 
seen from Plate 12 that part of the hiU i 
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JlravaL 


here has been mapped as Idar granite, the remainder as Etinpnxa 
granite. It is at times hard to distinguish these granites from each 
other, this being especially so in the southern part of the hills in 
question. There is no doubt that the hills immediately north of 
Jirawal are formed of Erinpura granite. There is likewise no doubt 
that the hill stations 3,277 feet and 3,220 feet are formed of Idar 
granite. The boundary between the two granites here is definite ; 
but that part of the boundary on sheet 76 is uncertain in view of 
the doubt of the nature of the granite forming hill station 1,180 
(ap.) feet. A speoimen (42/192, 2108 >) from here resembles the Idar 
granite in the field though graphic intorgrowth of quartz and felspar 
does not occur in the section, and the biotite is very like that found 
in the Erinpura granite. Hill stations 2,280 feet and ),946 feet 
are composed of Erinpura granite. Hence the boundary on the 
map cannot be far out, if at ail so. 

The Erinpura granite (42/190, 21081) one mile south-west of 
Jirawal is of normal type, but two miles from Jirawal in the same 
direction, a brecciated type (42/191, 21082) 
was noticed. The brecciation was probably caused 
by local movement in the granite. 

The Erinpura granite (21174) forming hill station 1,431 feet, 
Ij^ miles S. S. W. of Siloi (sheet 95), contains abundant muscovite, 
with biotite but no fluorite. In a slicken- 
presence of specimen of granite (42/279, 21187) from 

IJ miles S. 8. \V. of this village, however, 
fluorite is extremely abundant. The Erinpura granite (42/271, 
21178) from If miles N. N. E. of Baida (sheet 95) shows brecciation. 

The Erinpura granite is very frequently epidotised in the vicinity 
of dolerite dykes or basalts intruding it. The epidotisation is 
usually accompanied by a reddening of the 
^J^oflMtlon of the fejaparg. One such example (42/267, 21178) 
was noted one mile south of Sai^ara (sheet 
95), the intrusive rock being a basalt (42/266, 21172). 

It was frequently noticed that the Erinpura granite of the Ealan* 
dari-Dantrai outcrops exfoliated along surfaces which are apparently 
the junction between two types of granite 
grM^*****" ** ^ difierent texture. Thus fragments of a 
coarse felspathio granite were often noted on 
a smooth unbroken surface of a finer-grained t 3 q)e. As the surfaces 
df exfoliation are' roughly spherical, it is possible that the cooling 
of the magnrn proceeded from centres, the oonoentric shells of took 



EBINPURA GRANITE : APLITES AND PEGMATITES, 


69 


of different tkickness and texture bearing evidence to the changes 
of conditions experienced during the crystallisation processes (also 
see p, 77). 


Descriptive notes. 


Magriwala-Mandar Outcrops. 

The outcrops in question occur in the south-western corner of 
sheet 90 and the south-eastern corner of sheet 76. Two sections 
of the Erinpura granite at Mandar (36/800, 
17613; 36/805, 17614) shov hornblende in 

addition to biotite, quaitz, miorooline, orthoclase and plagioclase 
with accessory iron-ore, apatite and sphene. Specimen 30/806 has 
a specific gravity of 2*68. The Erinpura granite (36/809, 17617) 
forming the isolated outcrop one mile E. N. E. of Rajpura (sheet 
76) contains hornblende and biotite. The section bears some relat- 
ionship to the Idar granite but as the rock is intruded by a doleritic 
dyke (36/808, 17616), similar to those described in the next chapter, 
the outcrop has been as(Tibed to the Erinpura granite. The rock 
has a specific gravity of 2*63. The granite outcrop (36/807, 17616) 
two miles south-east of Rohua (sheet 76) contains irregular masses 
of microclinc intergrown with quartz, plagioclase and biotite. 

The Erinpura granite forming the hills near Magriwala (sheet 
76) is similar to that (36/810, 17618) one mile W. S. W. of Awara 
(sheet 96), being a coarsely crystalline rock with abundant felspar. 


Aplites and Pegmatites. 

The Erinpura granite is accompanied by rocks which have the 
physical and mineralogical characters of aplites and pegmatites. 
Their distribution is very variable and their quantity and com- 
position varies to a like extent. 

It will have been noted that the Erinpura granite itself shows 
many modifications. The general occurrence on the plains is a 
coarsely crystalline rock which appears to 
DIffereiitladoti of the have consolidated at a suflBciently slow rate 
imra gn e. allow differentiation of the magma to 

take place. There was the formation of acidic and basic different- 
iates, using these terms with reference to the nature of the original 
magma. The granite is now exposed as a consequence of the extreme 
and long-continued erosion to which the overlying rochs were sub- 
jected. It is a justifiable conclusion that those parts of the granite 
now exposed which contain abundant pegmatite and aplite, were 
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formed at no great depths below the supeiinoumbent rocks. It 
may also be concluded that the probabilities are that those parts 
of the granite relatively free from pegmatite were formed at rel- 
atively great depths from the top of the magma. 

It has been noted that the granite of the plains crystallised 
slowly. The granite forming the massif of Abu likewise crystallised 
slowly, but the magma was subjected to more 
** pegBMtlte pressure, with the consequent development 
in the rock of a general foliation. The highest 
point of Abu, Guru Sikkar, is some 5,650 feet above sea-level. 
The general height of the top of Abu is about 4,000 feet. The mean 
height above sea-level of the plains surrounding the mountain is 
approximately 900 feet. Thus the general difference in elevation 
between Abu and the plains may be considered as 3,100 feet. Ac- 
cordingly one might expect that pegmatite would be very abundant 
on Abu compared with its distribution on the plains. This, how- 
ever, is most certainly not the case. Pegmatite is relatively rare 
on Abu, being far less abundant than on the plains. It must 
naturally be concluded that on the top of Abu, some 3,100 feet 
above the plains, we find giamte which appears to have characterist- 
ics such as would be found were that granite to occur much below 
tho plains level. In other words, on the top of Mount Abu, we are 
further from the roof of the batholith than if we were on the plains 
some 3,700 less in elevation. 

The explanation is, of course, simple. The Abu massif has 
been intruded as a steep-sided batholith, there being differential 
movement along its margins (see pp. 74 76). 

Fine-grained acidic forms of Erinpura granite with aplitic chsiant- 
eristics have already been described. It is very rare, however. 


Trae aplitet rare. 


that true aplites are recorded, for most of 
these fine-grained forms contain sufficient 


ferromagnesian minerals to warrant their being termed fine-grained 
grantee or microgranites. It is true that muscovite may be present 
in an aplite, cut when there is in addition a fair quantity of biotite 
and hornblende, albeit the rack is still leuoooratic in appearance, 


fihen the assignation of the term ‘ aplite ’ can be of use only as a 
xnvenient field description. 

yhawA fine-grainad leucooratic rocks are considered as being 
acidic differentiates of the cooling Erinpura granite which have 
been intruded as a still fiuid magma before 
OriclB sf spHtfe types, differentiation processes jiave 
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time to produce a differentiate which, on solidification, would give 
rise to an aplite. Such junctions between those ‘ aplites ’ and 

the Erinpura granite as are visible in the field are not as a rule 
sharp, though they are distinct. Soraetimes the ai)litic rocks have 
a moderate extent, but generally they vary in thickness from a 

few inches to several feet, occurring as veins in the Erinpura granite. 
The usual minerals present are quartz and orthoolase, with mus- 
?ovito and chlorite or biotito, and hornblende only very occasionah 
ly. A t 5 q)inal example is the specimen (42/247, 21153) from 
miles N. N. W. of Akona (sheet 96) mentioned previously (see p. 
67 ). 

A tourmaline-bearing specimen (42/206, 21104) from IJ miles 
north of Amlari (sheet 95) is of interest as the thin section shows 
^ doubtful topaz. This is the sole section in 

^ which topaz was recognized. The tourmaline 

occurs as rosettes in patches up to one inch in diameter, forming a 
rock of very distinctive appearance. 

The pegmatite accompanying the Erinpura granite may roughly 
be divided into two classes, the reef-quartz pegmatites and normal 
_ ^ ^ quartz-felspar pegmatites. The former form 

characteristic outcrops ; the reef -quartz 

being more resistant than the rocks with which it is associated, the 
usual result is to give a white ridge visible from a great distance. 
Most of the pegmatite mapped (not shown on Plate 12) is of this 
kind. The reef-quartz pegmatites are composed almost entirely 

of quartz which is variable in purity and is frequently ‘ dirty * in 
colour. The outcrops vary in extent from mere ^ plugs ’ to ridges 
over a mile in length. They are never of any great tJuckness, 
varying like the aplites from even less than an inch to several feet. 

The reef-quartz pegmatites are considered to bo terminal acidic 

differentiation products, the quartz-felspar pegmatites being less 
acidic. 

The colour of the quartz-felspar pegmatites varies according 
to the colour of the felspar which is the dominant constituent, 
Variabto colour of ^^i^^rally it is white, but in certain districts 

quartz-feiipar pegmat- the characteristic colour changes to reddish or 
^ pink. Dr. A. M. Heron noted in March, 1930, 

that the 

* Erinpura granite has both pegmatites : — those with white felspar, and with 
pink, and dykes have been seen in which both white and pink occur. Auden has 
recorded both colours in the one felspar orysta].’ 
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ToamuHne. 


The pink oolour is predominant in the south-eastern corner 
of the State in the vicinity of the Waloria, Bhamoria and Gorsa 
outcrops. 

The following brief description of some specimens collected in 
the course of the field work will indicate the mineralogical contenls 

peg»n»tites. The pegmatite (34/241, 

petroiocicaiBotea ^^^04) accompanying the granite in the 

vicinity of Moras (sheet 119) shows graphic intergrowths of tnicro- 
cline and quartz, a little apatite, iron-ore and also some touirral- 
ine. Tourmaline is not scarce in the Sirohi pegmatites, but it 
cannot be called common. It is found in all parte of the State. 
Thus it occurs with felspar quartz and muscovite (16216) at 
Nawawas (sheet 119) ; with the same minerals 
TonmuHBe. ( 17043 ) at Baida (sheet 96) ; at Dantrai (21091 ; 
sheet 96) ; etc. The Baida occurrence is interesting as ‘ greisening ’ 
of the intruded micaschists has occurred. The pegmatite here is 
composed of quartz, then a ‘ rim ’ of white muscovitic greisen 
(17043), and finally a ‘ rim ’ of tourmaline with quartz, the 
tourmaline being riddled with inclusions of quartz (17044). 

A specimen (34/246, 16208) from the hills east of Moras is com- 
posed chiefly of orthoclase, with quartz and muscovite. Large 
Muscovite hooks of mica do not occm in Sirohi ; the 

muscovite found is usually quite small in size 
and not abundant as, e.g., two miles east of Sahela (sheet 118).^ 
Biotite has been noted, but it is rarer than muscovite. Muscovite 
occurs graphically intergrown with quartz in a small outcrop (36/92, 
17072) half a mile north-west of Danta (sheet 96). This doubtfully 
contains fluorite. Fluorite has been noted before in a small vein, 
pegmatitic in nature, in slickensided Erinpura granite (42/279, 
21187) from Siloi (sheet 96). 

Iron-ore is an infrequent constituent of the Erinpura-granite 
pegmatites. A specimen (42/301, 21210 ) from near Sindret (sheei 
Iron ore contains iron-ore as bundles of needles 

‘graphically’ intergrown with quartz. This 
pegmatite is intrusive into the Sindret conglomerate. On the other 
side of the Abu, half a mile north-west of Kera, a pink pegmatitic 
rock (17138) shows abundant iron-ore. The neighbouring granite 
(36/161, 17139) shows abundant biotite. 


Muscovite. 


Iron-ore. 


* Fee. Geol. Svrv. Ind.. UX, p. 40. ()027). 
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The basal members of the Aravallis near Sirohi frequently show 
abundant epidote, which is partly derived from the alteration of 
the ferromagnesian minerals in the accom- 
’ pan 3 dng basic rocks. Part however of this 

epidote appears to be derived from the pegmatite of the Erinpura 
granite, quartz-epidote-rocks being common. 


In the description of the Mandwara and Chandrawati brecciated 

quartzites (see p. 36), it was noted that part of the silica was 

i> derived from differentiation products of the 

Brecciated pegmatites. v j 

Ennpura granite. Crushed pegmatites ar(‘ 

not uncommon in Sirohi. Besides these two examples, they were 

noted in the following places : — one mile south of Kui (sheet 97) 

where the rock (36/796, 17604) is composed of mostly of quartz, 

with a little microcline ; half a mile east of Ehan (42/189, 21080 ; 

sheet 96) epidote being present ; and 2J miles S. S. E. and two miles 

S. S. W. of Sanpura (sheet 95). 


The areas in which injection rocks are common have already 
been indicated in the descriptions of the Aravalli and Delhi rocks. 

, , ^ The thin veins of pegmatitic material, usually 

fractions of an mch in thickness but some- 
times attaining a larger size, have been intruded upon a gigantic 
scale. It is considered that the roof of the intrusive magma was 
but a short distance beneath these injection types ; the acidic 
differentiation products of the magma concentrating at its top, 
penetrated along the foliation or bedding planes of the superin- 
cumbent rocks. 


Quartzites and calcic and amphibolitic rooks are relatively free 
from pegmatite, but exceptions occur. In general, however, it is 
the shales, phyDites and schists and, of course, 
encis^of pegm^^^ Erinpura granite, which are characterised 

by pegmatite intrusions. The following brief 
resume gives the chief pegmatite occurrences on each' of the one- 
inch sheets 


Sheet 76. — South-eastern comer (injection types). 

Sheet TT.—North-eastem comer (injection types). 

Sheet 94. — ^Bureii; south-eastern comer. 

o 
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Sheet 96. — Ealbari ; Baida ; Sonwara ; Yirapma (three-qaaiten 
of a mile loiig) ; south-east of Siloi ; north-east of Dodia ; 
Amla; north of Eankodara; west of Foidara; south 
and north of Akona; north of Amlari. 

Sheet 96. — ^East of Dhanari ; north-west of Watera ; north- 
west and west of Bhimana (abundant) ; north of Dhauli ; 
Thai (1| miles long) ; east of Dhauli ; north-east of Reo- 
dhar ; west and south of Dadera ; Bhatana ; Baonak- 
wara ; Bhomra ; also injection occurrences listed on 
page 27. 

Sheet 97. — South and souih-west of Abu Boad; north-western 
comer; Bhamoria. 

Sheet 117. — ^Eola; hill station 1,096 feet; south-western 
comer. 

Sheet 118. — Garia ; Ealumbri ; frontier with Udaipur. 

Sheet 119. — ^Eodarla ; frontier with Udaipur. 


Mechanics of Intrusion of the Abu Batholith. 


The formation of the Abu massif of Erinpura granite is a matter 
of considerable interest. The scarcity of pegmatite on its surface 
has already been noted and it has been stated 
8CM5tj*of Mount Abu, one seems to 

be much further from the roof of the batholith 
than if one were on the plains some 3,100 feet lower in elevation. 
The remarkable parallehsm of the boundaries of the Abu massif has 
also been noted. 


It is considered that the Erinpura granite now fo rmin g the Abu 
massif was intmded in the form of a gigantic plug or batholith 
more or less at or under the junction of the 
lorn”*******"**”*™*" Aravallis and Delhis and that the superin- 
cumbent Aravalli and Delhi rocks were 
‘domed* above it as the intrusion progressed (see p, 77). The 
magma also quietly stoped its way through these rooks, huge blocks 
of the ancient rocks sinking into it and possibly being assimilated 
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The first stages of the intrusion are depicted diagranunatically in 
Figure 4, 
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Fio, 4. — DiagrammatiG skatoh showing three stages of the intrusion of the Erinpnia 
granite, at present forming Mount Abu, into the Aravalli and Delhi rocks at and 
near their junction. 


The strain caused by the intruding magma was great and the 
pressure was relieved most probably by a series of faults on either 
side, north-western and south-eastern. There 
however, no sudden giving way of the 
superincumbent rocks above the margins of 
the intrusive magma. The relief was gradual, and the intruding 
magma again took advantage of the relief of pressure against 
its intrusion by advancing gradually still further in its upward 
journey. At last, however, equilibrium was established and the 
magma cooled under conditions which allowed of extremely slow 
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oiysteUisation witli the consequent formatioin of a coaree^gramed 
rook. The upper part of Figure 5 represents diagrammatically the 
conditions at this time. The magma was covered by a thick mantle 
of Delhi and Aravalli rocks which successfully resisted the magma, 


still subjected to considerable pressure. The effect of this press- 
ure, whidh persisted throughout the cooling process, is evidenced 
in the gneissic foliation so common in the Erinpura granite forming 
the Abu massif. 

Atmospheric agents commenced their never-ceasing work of 
destruction and slowly but surely the blanket of rocks covering the 


Westherfng. 


granite was removed and the granite itself 
attacked. Present day conditions are 


represented diagrammatically in the lower part of Figure 5. 
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Mention lias already been made of the sill^like nature of the 
intrasiTe mass of Erinpnra granite forming the Bhamoria outcrop. 

The Gorsa outcrop has also been alluded to 

greme* ^ ^ sill-like sheet of Erinpura granite^ A 
study of its relations shown in i'gure 1 of Plate 11 will demonstsaite 
the probability of its having been intruded along the bedding planes 
of l^e calcic rocks in this neighbourhood during the movements 
responsible for the folding of the Ajabgarh rocks, A certain amount 
of shearing must have accompanied the intrusion as there is evidence 
of faulting near the western limb of the Gorsa outcrop. 

Reference may conveniently be made here to Mr. J. B. Auden's 
work on the Erinpura granite exposures in the contiguous areas 
of Udaipm State. This is summarised in 

J.B. Auden. General Report for 1930.1 The 340^-160° 

system of jointing noted by Mr. Auden in the Erinpura granite is 

not conspicuously developed in any of the Sirohi exposures, where 
jointing, though common, does not as a rule possess any definite 
direction, except in the Waloria-Bhamoria outcrops where the 
major joints are parallel to and at right angles to the general N. N. 
E. S. S. W. strike of the Delhis. 

It may also be mentioned that from his field work on the 
Jodhpur-Udaipur frontier, Dr. A. M. Heron has recogiuzed two 
A M Heron types of intrusive forms of Erinpura granite, 

‘ sheet complexes ' and ‘ massive stocks which 
grade into each other both in time, in form, and m place.® He 
considers the former to bo possibly slightly older than the latter, 
being 


* injected during the active folding movements, but towards their end, while 
the bosses arose somewhat later, under more quiescent conditions. The process 
however must have been a continuous one, and there is no reason to believe that in 
different parts of the (Aravalli) range, it or its events happened at the same actual 
time or at the same relative stage in the history of the diastrophism. The ** sheet 
complex type of intrusion consists of innumerable parallel sheets of aplite, sheared 
and imperfectly cr3n3tallised pegmatite, and granite, the last being both coarse and 
fine in grain, both porphyritio and even-grained, and both foliated and homogene- 
ous. 

^ The ** massive stock type of intrusion is the normal one usually assumed by 
granite. Topographically it may give rise to high, bold hills of bare rock, with 
exfoliating domes and tors, or may just protrude from the aUuvium as innumer- 


ChoL Surv. Ind., LXV, pp. 137-139, (1931). 
* Unpublished Mnu kindly shown to the author. 
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»b]e low turtlebaoks and gently oonvex tables. The stock intrusions perhaps lift 
the strata upwards. In the exceptional cases where they are gently inclined* a 
laocolite is formed* os is exemplified by the Ana Sagar mAsu near Ajmer. With the 
much more usual highly dipping or vertical strata* blocks of the roof are* we may 
suppose* pushed upwards along planes of weakness provided by the highly inclined 
beddingi* 



CHAPTm vn. 


Age. 


BASIC ROCKS, POST-ERINPURA-QRANITE BUT PRE MALANI 

IN AGE. 

Introductory Discussion. 

It is proposed to discuss ia this chapter those basic rocks which 
are later in age than the Erinpura granite, but which were intruded 
into it, or into Axavalli or Delhi rocks, before 
the Malani period. These belong to the third 
basic phase mentioned in Chapter II. Those intruded after the 
Malani period are discussed in Chapter XI. 

The metamorphic imprint which the rocks of Sirohi bear was 
gained, for the greatest part, at the close of the Delhi period when 
the N. N. E.-S, S. W. trending foliation was 
of^irobTrockl! *"*'’*^"* imposed on them. Most of the foldin g ante- 
dated the intrusion of the Erinpura granite. 
Accordingly the basic rocks now discussed have not suffered 
such severe luetainorphism us those intruded before the close of the 

. , Delhi period the Aravalli contemporan- 

Kiiids of rocks found. , ^ . \ , . , . „ • , , . 

eous basic rocks and the Delhi biisio rocks). 

Hornblende- and actinolite-schists and amphibolites are absent. 

The usual hypabyssal forms found are best described merely as 

altered basalts or altered dolerites, or, where medamorphosing 

agencies liavo been more severe, e]>idiorites. The plutonic forms, 

gabbros, pic.ritcs, sodalite-8yeuit.es, etc., have been noted in throe 

localities only. These will be described hrst. 


Kui and Chandrawati Qabbros and Dolerites. 

Mention has been made in the description of the Delhi rocks of 
the occurrence of two exposures of gabbro in the southern part of 
Localtties State. The most northerly of these lies 

half a mile iioith-cast of the small scattered 
village of Kui (sheet 97) ; it is half a mile in extent from north to 
south and a quarter of a mile wide. The second oute.rop lies half a 
mile east of Chandrawati (sheet 97) and is double the size of the 
former. Characteristicaliy the gabbro weathers spheroidally, with 
a pitted surface. 


{ 79 ) 
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An analysis by Mons. F. Baonlt of the oUvine-gabbro (86/789, 
17696) from one mile east of dtandiawati is as follows, that of an 
olivine-gabbro from Wallbaoh, Hesse,^ and 
** of g, troetolite from Ooveia^, Cornwall,® 

being given for purposes of comparison : — 


Table III. 



80/789. 

A. 

K 







Per cent. 

Per cent. 

Per cent. 

81 0, . 

• 





47*02 

47*78 

45-78 

XiO, . 

a 


a 



0*86 

0*26 

•• 

iAJlj Og • 

• 


• 



20*24 

20*51 

22*10 

FOf Of a a 

« 


• 

• 


1-26 

2*54 

0-71 

FdO 

% 


a 

a 

a 

C<34 

0*07 

8*51 

IfelO a • 

m 


• 

a 

a 

0*12 

• . 

• * 

MgO . 

9 


« 

• 

a 

9*56 

4-62 

11'46 

CaO . . 

• 



a 

• 

10-54 

10*65 

9*26 

Ka,0 . 





• 

2*82 

4*69 

2*54 

Kg 0 • a 






0-47 

0*51 

0*34 

5,0— 105*0 . 



• 



0*11 

i 0*64 

4*38 

H, 0 -f 105*0 . 



• 



1*05 



00, 



• 



0*73 

*• 

• • 

P, 0, a a 




• 


• a 

0*49 

• • 

Other ooDBtitaeBtB 

• 


• 



• • 

0*31 

* • 

Totals 

• 


• 

# 


. 190*11 

99-07 

100*08 " 

Speoifio gravity 

• 


• 

0 

• 

2'904 

•• 

•• 


36/789. CMiTine-gsUHo, om mife «w(i of ObaodMwati (sheet 97), Hfrohl State 
(F. 

A. OlhriiW'gaU^ Wallbaoh, Bease (Sonae). 

B. Ttootolite^ Goveraok, Oarawall. 


1 j. p. UdlngBf' ‘ Igneoas Books London, n, p. 216, (1918). 
* F. T. 8. Honghton, Choi. Mag., VI, p. 606, (1679). 
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A study of these figures shows that the analysis of the CShand- 
rawati specimen bears a relationship to that of an olivine-gabbro 
and also that of a troctolite. The magnesia 
analyri?**^*** content (9*66) of 36/789 is more than that of 

the olivine-gabbro (4*62) but less than that 
(11*46) of the troctolite. From these and other considerations, the 
Chandrawati rook is intermediate in nature between an olivine- 
gabbro and a troctolite. 

The section (17696) of the rock analysed (36/789) shows olivine 
altering to serpentine^ augite, a little biotite and iron-ore and abund- 
ant felspar. Determination on the Federov 
stage of the composition of two individual 
felspars forming a Carlsbad twin gave a result of 60 per cent. An, 
one being slightly more basic than the other. Both individuals 
oontain albite lamellae and the more basic also contains a pericline 
lath ; the composition of those is indeterminate. Another specimen 
from the same locality (36/788, 17398) contains slightly more basic; 
felspars. The compositions of two individuals forming albite twins 
(with subordinate pericline twinning) were determined as 70 and 
73 per cent. An respectively.’ Two other individuals in the same 
section, twinned according to the pericline law, with subordinate 
albite twinning, have a composition of 65 p^ cent. An. This 
specimen (36/788) has a specific gravity of 2-86. Similar results 
were obtained for the felspars in a third specimen (36/792, 17699). 
The compositions of two individuals in a Carlsbad twinning com- 
bination (with albite and pericline lamellsB) were measured. One 
has a composition of 69 per cent. An. The other is zoned, having 
compositions of 77 and 69 per o^t. An. The oompositioDs of 
three individuals forming Ada A and Carlsbad twins in the same 
section differ, being respectively 68, 70 and 75 per cent. An.* 
The above results are summarised in Table IV l^low. 


Tablb IV. 






Anorthite 

percentage of 

individualH. 

Section. 




I. 

n. 

III. 

17696 




60 

60 

, , 

17398 

. 

• 

• 

f70 

165 

73 

66 

•• 

17599 




S 69 

69 and 77 


■ 

* 

e 

i66 

TO 

75 


» A L. Ooiiliwn, Jto. (?4 kA fisrtr. ^ ^ ^ 

s IPor drtsUod dwKnri|»ttom cl ttrase oombliiadoiia in iUde I7S09, «e< A. Oookon, 
4bid^ FPu 168.169, (1981). 
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The mean composition of the above eleven individuals is 68 
per cent. An. 

Unavailing efEorts were made to isolate fragments of the augite 
occurring in the above specimens of olivine-gabbro in order to 
determine its refractive index for comparison 
*** ** with the titaniferous augite found in the con- 

tact metamorphic products of the gabbro with calcic rocks.^ It 
is certain, however, that the titanium content of the augite of the 
gabbro is very much less than that of the augite in the endomorphic 
rocV< This is borne out by the small percentage of titania (0*36) 
in the analysis of 36/789. Augite is not very abundant in the gabbro ; 
indeed, as stated above, the rock is at times best called a troctolitc, 
being frequently composed of plagioclase and olivine with little or 
no augite. 

Biotite is a common though not abundant constituent of the 
Biotite. gabbro ; its pleochroism is as follows ; — 


a==light yellow, 
b=dark brown, 
C=dark brown. 
Absorption : — t=b > H 


DolerUes. 


It is more common in the doleritic types than the gabbroitic. 

The gabbro grades into doleritic forms which are very common 
in the neighbourhood of Bhainsasing (sheet 97). There is little 
doubt that these dolerites, which vary greatly 
in texture, are the hypabyssal equivalents of 
the gabbro. They contain felspars of the same composition. Thus 
determination by Federov methods of the composition of two individ- 
uals in a biotite-dolerite from Bhainsaaing (17594), which form 
a Carlsbad twin, gave a result of 65 per cent. An. One individual 
contains albite lamellm. 

There is no conclusive evidence regarding the age of these gabbros 
and dolerites. They are definitely post-Delhi and almost certainly 
post-Erinpura-granite in age as they are 
geuncer . intruded or altered by this granite and its 

pegmatites. There are no Malani rocks in their neighbourhood and 
the question whether or not they are pre-Malani must remain un- 
decided, They have been considered as pre-Malani by reason of 
the fact that dolerites in the western part of the State, which bear 
strong resemblances to them, are post-Erinpura-granite but pre- 

^ Af uU description of the optiosl prop sirtie s of tbs titaniferous augite Is giyen in tiio 
author'i paper in Fee. OeoL Fare, /fid., Lxni, pp. 448-450, (1880). 
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Malani in age, being intruded by the Malani dykes and granites. 
It must be understood, however, that this correlation with the 
pre-Malani basic rocks is entirely presumptive ; the same remarks 
are equally applicable to the Mundwara suite of igneous rocks which 
will now bo described in detail. 


Mundwara Suite of Igneous Rocks. 

The rocks forming the Mundwara suite of igneous rocks con- 
stitute a very interesting series. They crop out in Erinpura granite 
to the west and north-west of the village 
of Mimdwara (sheet 96) at a distance of some 
two to three nules from the western border of the State with Jodh- 
pur. The large village of Jaswantpura in Jodhpur lies 6J miles 
to the south-west. 

The distribution of the rocks forming the 
suite may be gathered £trom a study of Figure 6. 


Loeslitjr. 


Sketch map. 



Fio. 6.'~-Cloolo^aI sketoh map of the Mundwara (sheet 96) suite of igneous rooks (longit- 
ude of the one-inoli sheet). 
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Tltere aze two cUef outcrops. Tbo first constitates liill station 
1,670 feet, an almost circular liill at the eastern foot ai whk^ lies 
ni Ml. 4 t village of Mundwara. The Mil rises pte* 

Distribution. cipitously from the plains. The second ont- 

crop forms the remarkable circular ridge of hills (Plate 6, fig. 1) 
encircling the deserted village of Mer, the inhabitants of wMch in 
ancient times migrated out of the hills to found the village of Mund- 
wara ; tMs ‘ ring ’ is also connected with the smaller but similar 
‘ ring * of hills immediate^ south of Toa. These rings have great 
physiograpMcal interest, but it is proposed to postpone the question 
of their origin until the rocks constituting them have been described. 
HiH station 1,914 feet forms the highest peak of the Mer ring; 
MU station 1,423 feet is the highest point of the Toa ring. Ihe 
general level of the surroimding country is about 960 feet above 


sea-leveL 

A variety of rocks is found in both outcrops. The fundamental 
magma appears to have been very basic, somewhat equivalent to 
a picrite in composition. Coarsely crystall- 
rite rocks, coroposed of oHvine, angite, magnet- 

ite and subordinate felspar occur in the centres 
of the Toa and Mer rings. At times the felspar is merely inter- 
stitial, very subordinate in quantity, and the rock (42/243, 21147) 
is best described as a picrite (specific gravity, 3’25). Other varieties 
(42/244, 21148) are intermediate between an olivine-gabbro and a 
picrite (specific gravity, 3*19). Again, sufficient felspar may be 
present to warrant the rock (42/245, 21149) being termed an olivine- 
gabbro (specific gravity, 3*23). The augite of these rocks is commcm- 
ly twinned and zoned ; it is slightly titaniferous. fiiotite occurs 
in the last two rooks. 

These types grade insensibly into doleritic forms, less coarse 
in texture. Thus the major part of the Toa and Mer rings is com- 
posed of doleritic rocks of very variable nature. 
A specimen (42/236, 21138) from the summit 
of MU station 1,914 feet contains abundant l^tite and huths of 


phgioclase felspar, with lesser quantities of titaniferous augite and 
iron-(«e, the rook being a biotite-dolerite (specific gravity, 2*94). 
A second specimen (21140) from the Mer ring, three-quartera of a 
mile n<nth-«ut of the MU station above, is mote basic, eontaining 
oliviM. !Rus oliyine-doleEito also possesses large prisms of apatite 
and its augite is very titanMerous. Simihr strongly pfeoduroio 
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titaniferous augite was noted in another olivine-doleiite (42/238, 
21142) from near the same locality (specific gravity, 3'07). In a 
fourth specimen (42/242, 21146 ; specific gravity, 2’98), from one 
mile west of Mundwara, augite and biotite are largely intergrown, 
the felspar being without crystal botmdaries and crowded with 
minute inclusions. 

The rings appear to have been ‘ breached ’ in several places, 
basaltic rocks being formed. These predominate on the north- 
eastern fianks of hill station 1,914 feet, stretch- 
ing from here between the Toa and Mer rings. 
They occur again on the western side of the Mer ring. Th^c 
basaltic types merge into doleritic rocks. Thus a specimen (42/236, 
21139 ; specific gravity, 3-19) from three-quarters of a mile north 
of hill station 1,914 feet, may be considered as intermediate in 
character between an olivine-basalt and an olivine-dolerite. It 
contains basaltic hornblende, olivine, augite, biotite, iron-ore and 
plagioclase. It is holocrystalline but generally fine-grained, the 
biotite being intergrown with augite, felspathic material and iron- 
ore. Hypidiomorpldc crystals of hornblende, augite and olivine 
and plagioclase laths occur surrounded by a granular aggregate of 
pyroxene. The section shows a Baveno plagioclase twin. 

A typical hornblende-basalt (42/232, 21134 ; specific gravity, 
2*74) which occurs in the Mer ring half a mile north-west of hill 
IL station 1,670 feet, contains abrmdant large 
Han n • ua crystals of strongly pleochroic 

hornblende, prisms of apatite and irregular masses of iron-ore, with 
subordinate biotite and augite, set in an extremely fine-grained, 
felted and glassy matrix of felspar and other minerals. The pleo- 
chroism of the hornblende is : — 

a=honey-yellow, 
b=dark brown, 
jC=dark brown. 

Absorption : — c b > a 

Different basaltic types were noted on the north-eastern flatik 


hill station 1,670 feet. A specimen (42/241, 21145), of specific- 
gravity 3*01, contains a large compound crystal of augite composed 
^ numerous simply twiimed augite indi-viduals intergrown with 
iron-ore arid a fine-grained ? micaceous mineral ; together with laths 
of plagioclase of greater or lesser magnitude, iron-ore, small augites 
and a black glass. The rock is distinctly fragmentary in texture. 
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The same gradation from dolerltes to basalts was noted in a 
small intrusion one mile S. S. E. of Marri, isolated from the Toa 
and Mer rings and hill station 1,670 feet. A 
MetlblSttl!*"’”''*®'*'’ t^e (21160) consists of abundant 

olivine, titaniferous augite, biotite, iron- 
ore and plagioclase laths ; a basaltic type (21161), into which the 
former grades, is composed of fine plagioclase laths accompanying 
a fine-grained mass of augite and iron-ore, witii little prisms of 
basaltic hornblende and a fair quantity of secondary calcite. 

Similarly the basaltic rocks grade into pyrozenitic types. Thus 
a specimen (21137) from the E. K E. flank of hill station 1,914 feet, 
basaltic in character, consists of abundant 
to ^oxeime^*"' ******* phenocprsts of augite, very slightly titanifer- 
ous, with iron-ore, basaltic hornblende, olivine, 
biotite and plagioclase, set in a microcrystalline groundmass of 
the same minerals. This rock is fragmentary in teztuie. It 
grades into a very basic t}^, consisting chiefly of titaniferous 
pyroxene with subordinate iron-ore and a little biotite (42/238, 
21136). It has the very high specific gravity of 347. An inter- 
mediate type (42/237, 21141), approaching a pyroxenite but much 
finer-grained and containing occasional large prisms of basaltic 
hornblende, biotite, iron-ore, and a fair quantity of interstitial 
felspar in addition to abundant augite, possesses the lower specific 
gravity of 3*21. One large crystal of augite in this slide is conspic- 
uously zoned, the inner portion being definitely titaniferous and 
sharply delimited from the outer normal type; the whole of 
the crystal extinguishes between crossed nicols at the 
time. 

All the above-described rock t 3 q>es found in the Mer and 
Toa rings, comprising picrites, olivine-gabbros, olivine-dolerites, 
biotite-dolerites, hornblende-basalts, augite-basalts, 
olivine-basalts, pyrozenites, etc., grade into 
one another. There are few ‘ mappable ’ jimctions between 
them. It was found convenient in the field to map basaltio 
and pyroxenitic rocks together and picritic, gabbroitic and doleritic 
forms as one. The separate mappmg of the numerous petrological 
varieties found in this area would entail, were the work 
done thorou^y, at least a whole field season. It was im- 
possible for the author to spend that time in one small urea, crowd- 
ed though it was with scientific interest. 


Variefln mapped. 
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It will have been noted that sodalite-rocks have been mapped 
as occurring on the south-western flanks of the Her ring and to a 
greater extent on the northern and western 
the Mer ring.*"**^* flanks of the isolated hill 1,670 feet. A spec- 
imen (42/240, 21144 ; specific gravity, 2-80), 
from just west of hill station 1,914 feet, consists of abundant 
orthoclase and anorthoclase, the latter in large crystals, with a 
fair quantity of sodalite, the ferromagnesian minerals being biotite 
and aegirine-augite. Iron-ore and large prisms of apatite are 
accessories. The sodalite generally does not possess crystal bound- 
aries and contains numerous fluid and other inclusions. It has 
no cleavage but shows a fair number of fracture cracks. It does 
not show anomalous double refraction. It is light pink to flesh- 
coloured in the hand specimen and colourless in thin section. No 
nepheline is visible in the slide. 

These sodalite-syenites occur in two outcrops on the outer flanks 
of the Mer ring, the characteristic t 3 rpe being as coarse-grained as 
the above-described example. There are, however, finer-grained 
varieties which merge insensibly into the coarser. The locality of 
these occurrences is extremely precipitous and as the area is cover- 
ed by loose blocks, the boundaries are only approximate ; it is 
impossible to make out the relationship between the alkaline rocks 
and the doleritic types of the ring proper. 

On the northern and western flanks of hill station 1,670 feet, 
the evidence, though not conclusive, is a little more definite. This 
hill rises steeply from the plains and though 
hlH*s1iiSonT*670*f^^ bottom regions are covered with doleritic 

blocks, the actual junction of these with the 
Erinpura granite which they intrude is very far up the hill on its 
southern and eastern sides. The basaltic rocks occurring on the 
north-eastern flanks of the hill have been described above (see 
p. 85). If one encircles the hill from these basaltic rocks in a 
counterclockwise direction, one meets sodalite-syenites, then doler- 
ites, again a small mass of sodalite-syenite, and then more dolerites 


which continue to the basalts abeady mentioned. 

A specimen (42/65, 21135} of the first met sodalite-rocks, which 
form the northern flanks of the hill, possesses a specific gravity of 


Analysed spaciman. 


2*75 and contains the same minerals as noted 
above for the Mer specimen (42/240, 21144), 


The rock has abundant large masses of sodalite of refractive index 


1*485±0*001, generally allotriomorphic but occasionally hypidio- 
morphic. A few crystals of nepheline, uniaxial and negative, are 
present in one section. A small amount of analcite probably occurs. 
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Spheiie ift an accessory. As x previously, the augite varies in colour, 
the marginal x>ortioiis as a rule being distinctly greener and more 
pleochioio than the centraL parts and extinguishing differently 
between crossed niools ; they resemble aegirine-augite. 

An analysis by Mons. F. Eaoult of this specimen (42/65) is 
given in Table V, other analyses of alkaline 
rocks being appended for comparison : — 


Table V. 





42/(i6. 

A. 

B. 

V, 

D. 

Si O, . 



Per cent. 

49-88 

Par cent. 
66-46 

6402 

Per oont. 

49-38 

Per cent. 
63-63 

TtO, . 



2-54 

0-29 

. . 

0-63 

0-44 

Al, O 3 



17-95 

20-08 

24-06 

17-31 

19-69 

P*. 6, . 



2-42 

1-31 

6-07 

4-20 

6-00 

Pe 0 



6-33 

4-39 

. . 

6-26 

2-83 

MnO 



0-24 

0*09 


0-08 

024 

MgO . 



2-37 

0-63 

0-76 

0-63 

. . 

OsO . 



4-14 

2*14 

1-46 

2-23 

1-87 

Ka,0 . 



8-47 

6-01 

9-54 

18-87 

9-61 

K, 0 . 



4-66 

7-13 

3-06 

2*66 

5-23 

H, 0—106° C . 



0-07 

0-261 


^ 1-46 

0-59 

H, 0+106° C . 



0-73 

1-61* 

• . 

> ! 


00, . 



. . 

. . 


. • 

0-40 

P,0| . 



1-24 

0-13 

. . 

. . 

0-31 

01 . 



• . 

0-43 

0-82 

1*68 

. • 

other constituents 



•• 

•- 

•• 

0-61 

0K>4 

Totai^s . 



99-93 

100-46 

100*26 

99-78 

99-87 

LeesOc^Oi 



•• 

0-10 

018 

0-37 

-- 

Totals . 



99-93 

100-36 

100-07 

99*41 

99-87 

Bpoolfio gravity 


• 

2-770 

-• 

•• 

•• 

•• 


SodaUte-syenite, half-iray up the northara dopes of hill station 1,670 feet, 
west ol Mnndwara (shesi 96), ShroB State, Rajpotana <F. Baoolt). 

A SodaHte-syenite, Square Bntta, Highwood Mountains, Montana^ V, S. A. 
(W. H. 

B. Mean of two analyses by B« O. Ckipta of the elflBolite>Byenite of Kishengarh, 
Rajpntana.* 

O. BodalHo-foyalto, Tnpstsuataiak, Cheenlsad (Winther).* 

D. Foyalte* Borah, Sooldi CbroMland ( WintiMr). 

i^lOQf* 0. 

• Amer. Jow%, JSei., XLV, p. 296, (1893). 

hj A. M. Mk. 6ML 8vrp. Ind,, LVI, p. 186, (1026). 

« A ». TddC^ ^TgassasBachi*, l,fmdiw, XI, pp. 279-28(b (1913). 
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The above analyses will be discussed later (see pp. 90-91). 

A specimen (42/230, 21132 ; specific gravity, 2*67) from half- 
way up the hill, not far distant from the analysed specimen, is 

, finer-grained than it and contains more sphene 

Other ipeciitietis. , 

and httle biotite, the pyroxene resembling 
the variety described before. Also prisms of hornblende are present 
with pleochroism : — 

a=light brownish green to light green, 

b=dark brownish green, 

jC=dark brownish green to dark green. 

Absorption : — jc > b > « 

These plutonic types grade into hypabyssal rocks, solvsbergitic 
in nature. Thus a specimen (42/229, 21131 ; specific gravity, 2*75) 
from low down on the northern side of the hill, contains no definite 
nepheline but small isotropic masses of ? sodalite and abundant 
felspathic material in the form of laths and interstitial masses, 
all with undulose extinction (? anorthoclase). The pyroxene possess- 
es a distinct violet tint, is positive, and has a small optic axial 
angle (21128). Similar varieties were met on the actual summit 
of the hill. One specimen (42/225, 21127) has a specific gravity of 
2-69 ; an adjacent rock (42/226, 21128) possesses a specific gravity 
of 2-70. 

The exact relationship between the dolerites and these alkaline 
rocks is not clear. A vein (42/231, 21133), apparently intruding 
V with iri dolerite half-way up the hill on the 

^ north-western side, consists of orthoclase 

and anorthoclase with a little plagioclase and segirine of pleochro- 
ism : — 

a:=deep grass-green, 
b=grass-green, 
jC=brownish green. 

Absorption : — a > b > jC 
a : c < 3® 


The dolerites resemble those of the Mer and Toa rings. A 
specimen (42/228, 21130 ; specific gravity, 3*00) from half-way 
up on the northern side of the hill, and another 
1,670% (42/227, 21129; specific gravity. 2-93) from 

almost at the top of the hill, contain titan- 

B 
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ifaioqs augite ver^ aunilar to that noted in the hjpabTual veiieties 
o| alkaline rooks (21127 ; 21128 ; and 21131) but more titaniferous ; 
it is likewise positive and has a small optic amal angle. 

The presence of this titaniferous augite in the hypabyssal alka- 
line roclffl and in the neighbouring dolerites suggests that they are 
genetically related. The occurrence of a 
the’Sm "clSr* segirine apparently cutting ^e 

dolerites would indicate that the alkaline 
rocks are the younger, but it is thought that this difierence in age 
is of no great magnitude and that the alkaline rocks and the other 
rocks of the Mundwara suite were derived from the same magma by 
a process of differentiation. 

A study of the figures in Table V (p. 88) shows that there is 

considerable difference in composition between the sodic rocks of 

Mundwara, Sirohi State, and those from 
Kishengarh, the only other occurrence 

in Bajputana with the exception of the spec- 
inven (13/803) described by Holland but collected by La Touche 
from Samu in Jodhpur.^ It is unfortunate that there is no analysis 
of the Samu specimen as the thin section (9162) bears a certain 
resemblance to the Mtmdwara h}^byssal varieties. It is stated 
by La Touche* to be possibly intrusive into the ? Cretaceous 
Banner sandstone and so is possibly much younger than the age 
tentatively ascribed to the Mundwara rocks by the author. Hr. 
Heron’s Kishengarh rocks are probably pre-Delhi in age* and thus 
are much older than either the Sarnu or Mundwara specimens. 
Other alkaline rocks have been recorded in India from Sivamalai," 
Vizagapatam,* Mount Gimar, Kathiawar,® and Mogok, Upper Burma,’' 
but such analyses of these rocks as are available do not show simil- 
arity to the Mundwara specimen (42/66). A closer resemblance, 
however, may be noted with the sodalite-foyaite from Tupersuat- 
siak and the foyaite from Korok, both in Greenland. The prop- 
ortion of soda to potash in the Tupersuatsiak analysis is very 
different from that in the Mundwara analysis, but silica, alumina, 

» JUem. CM. Surv. Ind., XXXV, pp. 92-63, (1902). 

* Op. eit., pp. 76, 92. 

* Bee. CM. Bvrv. Im., LVI, p. 180, (1026), 

* Mem. CM. Bvrv. Ind., XXX, pp. 160-217, 

* Clen. CM. Bvrv. Ind,, im-OS, p. 26 
liiK. CM Bvrv. Ind., XXXVI, pp. 19-22, ( 

* </. J. 0. 8., LVII, pp. 38414, (1001). 

CM, Bvn. fvd., pp. 64-96, (1932). 
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iron oxides and lime show similarities. The soda-potash proport- 
ions in the Korok specimen are more akin to the Mundwara ratio 

but the silica and alumina percentages are both a little higher. 

There is but little resemblance between the sodalite-syenite of 
Square Butte and the Mundwara specimen, but the analysis of the 
former has been inserted as analyses of such rocks are rare. It 
is unfortunate that the present financial stringency precludes the 
acquirement of a complete set of analj^es of the chief typos found 
in this interesting area. 

The ring-dykes of Mull,i Slieve Qullion,* Arran,* Ardnamurchan,* 
etc. are now well known and it is a matter of no little interest to 
find a somewhat parallel occurrence in Raj- 
***** *^*****" putana. The mechanics of formation of 

these ring-dykes and of cone-sheets have 
been discussed by various authors.® The following abstracts from 
II. H. Thomas* notes® succintly summarises the present views : — 

* Cone-sheets are important features in Skye, Rum, Mull, Ardnamurohan, 

and Carlingford, and are clearly connected with the plutonlc centres of these regions 
where there is evidence to show a relation between ring-dyke and cone-sheet intrus* 
ion. The idea of development of cupolas on the main magma basin seems necess- 
ary to explain the origin of cone-shcete and ring-dykes. Such cupolas are assum- 
ed to be steep dome-like or paraboloidal upward extensions of the main magma- 
reservoir into relatively cool regions of the crust. From the nature of cone-sheets 
it is practically certain that their formation is due to an excess of magmatic pressure 
acting vertically upwards upon a relatively thin crustal covering, in a successful 
attempt on the i)art of the magma to raise its roof. 

‘ The uplift of the roof, with attendant doming of the central area above the 
magma-reservoir, must in every case of abundant sheet injection have been of 

the order of thousands of feet. As it appears that cone-sheet injec^on is 

dependent upon locally applied magmatio pressure there is no reason why such 
should not occur, or recur, whenever the magmatic pressure within the reservoir 
was sufficient to overcome the downward pressure of the crust. Such excessive 
magmatic pressure, accompanied by the Intrusion of oone-sheets, was developerl 
at more than one period and at more than one oentre both in Mull and Ardna- 
murahan. 

* The conception of ring-dyke intrurion was the result of work carried out by 
Messrs. Clough, Maufe, and Bailey on the cauldron subsidence of Glenooo. They 

* ‘ The Tertiary and Post-Tertiary Geology of Mull, Loch Aline and Oban’, hftm, 
Oeol, Surv, Scot., pp. 840*341, (1024). 

« J. B. Richey, Bep. Brit Aw. for 1928, pp. 544-645, (1929). 

* * The Geology of Arran*, Mem, (ML JSurv, Scot,, p. 169, (1928). 

* * The Qedogy of Ardnamurohan, North-West Mull and Coir, Mem, CM, Surv, 
Scot,, pp. 201^342, (1930). 

•'^The Geology of Ardnamurohan*, pp. 60-59, 09-78. ‘The Tertiary and 
Post-Tertiary Oedogy of Mull * , loo. oil. ‘ The Gedogy of Ben Nevis ana Glen Ooe*, 
Mem. Oeol. Surv. Scot., LIII, pp. 125-127, (1916). 

* * Tha Qedogy of Ardnamwciisn’t PP* <»6-50. 

h9 
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found that outside a oiroular fault, which bounded aai area of subsidenoe, plutonio 
rooks had been intruded in annular form, and to these intrusions the name ring* 
dyke was eventually applied on account of their vertical or almost vertical junct- 
ions, 

‘The general theory of subsidence, as originally enunciated for Glencoe, 
appears to be the only one that explains the observed facta, and therefore it is 
assumed that most of the platonic rooks of the British Tertiary Centres have risen 
in their respective x>06itions as the result of the subsidence into a magma-reservoir 
of a steep-sided conical crustal block. Such subsidence would cause the welling 
up of the magma into the fissure that bounds the subsiding mass, and, if the ring- 
fracture reached the surface, a central type of lava eruption would be likely to 
ensue, as in the case of the South-east Caldera of Mull, If, however, the sub- 
siding block was detached froin the under part of the solid crust, the fractures 
would not of necessity roach the surface and the space formed over the subsiding 
mass would be filled with magma that would be continuous with the lateral steep- 

sided ring-dyke intrusion, but be more or less horizontal in disposition. 

‘Repeated subsidence at the same centre has often allowed further influxes 
of magma to fill reopened fissures, or to be injected up fresh circular fractures, 
with the result that we are presented with a succession of arcuate intrusions arranged 
about a common centre and vertioal axis. ■'* 

‘It would appear, in contradistinction to cone-sheets, that the formation of 
ring-dyke fissures and the concurrent intrusion of magma are independent of excess- 
ive magmatio pressure but are consequent on crustal collapse.* 

One of the most characteristic features of the Mundwara suite 
of rooks is the total absence, with the exception of one dyke with 
SBgirine, of definite junctions between the 
numerous varieties occurring in the area. 
There are two central masses of picrite, one 
in the Mer ring and the other in the Toa ring. The term ‘ring* 
has been applied in a phjsiographical rather than a petrological 
sense inasmuch as a study of the sketch map forming Figure 6 does 
not indicate the circular nature of the hills which is brought out by 
figure 1 of Plate 6. The picrites change locally within short dist- 
ances to olivine-gabhros and both rocks merge into doleritic forms. 
It is these dolerites which, being more resistant to weathering than 
the coarser-grained picrites and olivine-gahbros, form the ‘back- 
bones* of the hills. They can be explained as chilled marginal 
facies of the two bosses responsible for the Toa and Mer rocks. 
There seems to be no reason in these cases to postulate the detach- 
ment and subsidence of a mass from the under part of the crust 
(in t.hin case, the much older Erinptua granite) and the filling of 
the space over Ihe subsiding mass with magma of a more or less 
horizontal disposition. Nor is it thon^^t that the formation of the 
Lonax Lake^ is akin to fhat of the Toa and Ifer xingp. 

La Tpnoheand W. A. K. Christie, JBce. OeoL Awe. XU, pp. 266 - 

286 , ( 1912 ). 
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The intrusion of the Toa and Mer bosses appears generally to 
have been quiet. An agglomeratic type (42/234) was noted on an 
independent but subsidiary vent^ miles 
^u|n^u8loii gcneraUy ^ g ^ Mundwara. Several other sub- 
sidiary plugs were noted in the vicinity of 

the two rings, east and south-east of Toa. A small black plug 

(42/216, 21117) 1^ miles N. N. W. of Sildar, and a hornblende- 
porphyrite dyke (42/248, 21154), with large crystals of sphene, 

from half a mile W. S. W. of Jela, are undoubtedly related to the 
Mundwara suite. The latter rock strikes E. N. E., away from the 
Toa ring, from which it is distant some 2| miles. Hill station 
1,670 feet is formed of rocks due to igneous activity from a further 
large pipe, subsidiary, however, to the main Toa and Mer bosses. 
Evidence is lacking of the intrusion of any cone-sheets of lava. 

„ . , * The presence of basaltic rocks ofEers a 

problem of no little mterest and there seem 

to be two possible theories for their occurrence. 

Confining one’s attention first to the Toa and Mer rings, one 
could possibly regard these as the sites of two volcanoes, the basic 

Volcanic tlico magma of which quietly stoped its way to 

the surface, the forces assisting its ascent to 
the surface at all times being strictly under control and almost in 
equilibrium with those preventing its ascent. A doleritic facies 
was developed along its contact with the intruded Erinpura granite, 
but the main mass of magma remained still fluid except for its 
surface layers. The two volcanoes remained more or less dormant 
until the accumulated stresses were such that slow activity again 
commenced, with the resultant quiet welling up of the magmatic 
material within the rings. This material breached the doleritic 
ring in several places, there being the formation of basaltic lava 
flows outwards from the breached places. This period of activity 
was short-lived and of no great extent and equilibrium being once 
again established, the central magma cooled extremely slowly with 
the resultant formation of picrites and olivine-gabbros. The sub- 
sidiary Mundwara plug is considered not to have reached the surface 
at the same time as the Toa and Mer volcanoes. The recrudescence 
of activity responsible for the welling up of the magma in these 
volcanoes also affected the Mundwara plug and its magma was 
enabled to break through the superincumbent granite in the form 
of the lavas now found on its flanks. The alkaline rocks of Mer and 
Mundwara could have been injected during the last cooling stages. 


Volcanic theory. 
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It is not thought, however, that this is the true eaplauation of 
the presence of these basaltic rocks. The gradation of all types 
/•Litt j t ,^11. 0 ^ rock one into the other has been emphasised 

throughout this description. It has also 
been stated that the Mundwara rocks are probably related to the 
extensive post-£rinpura-granite but pre-Malani dolerites and basalts 
which are so common in the western part of the State and, also, 
to the Oiandrawati and Kui gabbros and associated dolerites in the 
south-eastern region of Sirohi. The former at least of these are 
definitely of great antiquity. The volcanic theory given above 
would entail the assumption of a relatively young age for the Mund* 
wara rocks, as the amount of denudation from the time of their 
intrusion and extrusion must of necessity have been small if the 
basalts are considered as true lava flows ; otherwise they would 
h>ng since have been eroded away. 

Accordingly it is considered that the true explanation oi the 
occurrence of these basaltic rocks lies in the fact that they never 
reached the surface, but were formed as a chilled facies of the basic 
magma consequent upon a sudden release of pressure by partial 
collapse of the superincumbent Erinpura granite. Thus a condition 
of equilibrium is postulated to have been reached when the basic 
magma quietly stoped its way into the Erinpura granite, doming 
of the granite having taken pkee at the same time. 

There would then be two bosses of magmatic material, possibly 
still fluid in their central regions. With the sudden collapse of the 
resistance of tite Erinpura granite due to fracture consequent Upon 
accumulated stress, the still fluid material (or if solid or semt- 
solid, it would liquefy with release of pressure) would break through 
the doleritic material forming the marginal ring. Equilibrium Was 
quickly reestablished, the escaped material soon cooling on meeting 
relatively cool rooks and congealing the outlets. 

The state of equilibrium then persisted and the central material 
was enabled to cool under conditions permitting the slow crystallisat- 
ion of minerals, giving picrites and olivine-gabbros. Before com- 
plete solidification, however, a fresh release of pressure took place 
and the alkaline differentiation product of the cooling magma was 
intruded in the form of a magma which, on itself cooling slowly, 
gave rise to the sodahte-syenites and other alkaline rocks found 
on the outer south-western flanks of the Mer ring and on parts of 
the Mundwara plug. 
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Basalts* Dolerites and Epidiorites found in the Western Part of 

Sirohi. 

It will be remembered that the contemporaneous basic rocks 
in the lower members of the Aravallis occur in the western part of 
the State, viz., near Sirohi. Those rocks which 
baSc Mtfvlty.***^******* intruded before the Erinpura granite 

and which have been termed for convenience 
* Delhi basic rocks are most abimdant in the eastern part of the 
State, the centre of basic activity changing from west to east from 
Aravalli to late Delhi (Ajabgarh) times. The occurrence of the 
Kui and Chandrawati gabbros and dolerites in the southern part of 
the State has already been noticed. The Mundwara suite of igne- 
ous rocks is in the w^estern part of the State and here, also, the 
general suite of post-Erinpura-granite but pre-Malani basic rocks 
is found. Thus once again the main seat of activity changed, this 
time returning to the western part of Sirohi. It is indeed curious 
how free from basic intrusions are the large outcrops of Erinpura 
granite in the eastern part of the State. 

Certain of the rocks included in this section may belong to the 
post-Malani basic suite of rocks. It is very infrequently that definite 
field evidence deciding the age is available. But from general 
appearance, size, state of decomposition and alteration, mineral 
contents, field relationships, etc., most of the rocks hereinafter 
described almost certainly belong to the post-Erinpura-granite but 
pre-Malani suite of basic rocks. 

There is no possibility that these basaltic, doleritic and epidior- 
itic rocks have any genetic relationship with the immense lava 
flows of Deccan trap in late Cretaceous times. 

9cccan antiquity is fixed by the fact that they 

are older than the volcanic, hypabyssal and 
plutonic Malani rocks which will be described in the next three 
chapters. One can only be amazed that time has treated the 
majority of these rocks so lightly. 

Per^ps the most interesting of the doleritic rocks is the hyper 
sthene-olivine-dolerite ^ (17035) from three-quarters of a mile 

N. N. W. of Badala (sheet 117). As has 
in a previous paper,* most of the 
felspars in this rook are zoned. Two large 
individuals forming an albite twin have a composition of 58 per 
cent. An. The inner parts of these individuals are more basic and 

1 Cf. A Osann, * Roaenbusoh's Elemente dor GeBteinBlehre Stuttgart^ PX^. 428- 
429, (1023). 

* A It. Ooiilsoji, Hec. Oeoh 8urv, Ind., LXV, pp. ISe*171, (1081). 
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also differ in composition, being 70 and 75 per cent. An in com* 
position respectively. In another instance of two individuals in 
the position of the complex albite-Carlsbad A, one individual is 
zoned, that part adjacent to the twinning plane having a com- 
position of 68 per cent. An, the same as that of the other indiv- 
idual; the other part of the first individual possesses a composi- 
tion of 69 per cent. An. 

The hypersthene possesses straight extinction in prismatic sec- 
tions and has the pleochroism: — 

a =yellowish brown, 

1) =reddish brown, 
jC =dirty greenish brown. 

Absorption : — c > b > 

It shows characteristic small black inclusions of iron-ore.^ 

The olivine in the rock is irregular in shape. Biotite is fairly 
common, having the following pleochroism: — 

a =colourless. 
b =reddish brown. 
iC =reddish brown. 

Absorption : — t = b > a 


The slide contains other micaceous minerals and also some 
augite. 

Olivine is rather a rare constituent of these post-Erinpura but 
pre-Malani basic rocks. It was noted in the olivine-basalt (36/72, 


Ollvinc-bssalt 


17047 ; specific gravity, 3*01) occurring two 
miles W. N. W. of Telpur (sheet 95) ; its 


colour is reddish brown, showing it to contain abundant iron 


and possibly some manganese. Thus the mineral in question may 
be fayalite, though it is positive in optical character. The rock 


contains an excellent example of a fourling Baveno twin ^ {see 
Plate 9, fig. 2), due to the combination of right and left Baveno 
twins. The laths forming the fourling are also twinned according 
to the Carlsbad law. The rock is generally fine-grained, but certain 
of the plagioclases and the olivines are larger in size than the ground- 


mass. 


Some of these basic rocks intruding the Erinpura granite are 
fine-grained. They usually occur in thin ramifying veins and dykes, 

IMn Tdiu of baMlb. of Tdiich must have had great 

fluidity at the time of intrusion. There is 
usually little contact metamorphic effect upon the intruded granite 
and chilled margins of the dykes are narrow. The illustrat- 


P. Iddiags, * Bock MicyCTala *, London, pp. 805-906, (1011). 
* J. P. Iddiiigs^ .9p,cit., p. WK . 
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ions of Plate 1 (fig. 2) and Plate 2 (fig. 1) show the nature of 
these occurrences. There are ten dykes at one locality within a 
total width of 10 feet 6 inches. The intruded granite was noted 
to be slightly schistose for a depth of half an inch from the margin 
of the basalt. Hand specimens and sections from the photograph- 
ed occurrence (42/218, 21119), IJ miles west, a little south, of 
E^arjara khera (sheet 96) show a fine-grained rock with large and 
small laths of plagioclase felspar, with iron-ore, set in a dark brown 
glass and masses of pale green serpentinous and chloritic material. 

Figure 7 shows diagrammatically the relations between a larger 
dyke, doleritic in nature, and the Erinpura granite, which it 


Ksrlara khera doleriie. 


intrudes in the hill half a mile west of Karjara 


khera. The dolerite follows the major 
joints in the granite. Debris masks the relations between the Malani 
porphyritic rock (42/202, 21121) and the dolerite (42/203, 21102), 
but there seems to be little doubt that the porphyry is much younger 
than the dolerite. 
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Fto. 7.— Sfcatoh map of area one mile west of Karjara khera (sheet 96). ] 




98 


couiiSON : GEOLoair oe siBofii state. 


The dolerite oontains latge white crystals of felspar, usually 
simply twinned. The plagioclase laths are of the usual basic type 
and it seems possible that the large crystals had an origin different 
from that of the plagioclase laths. Other examples will be given 
in illustration of this point. The augite of the dolerite is distinctly 
titaniferous. 

One mile south of Phalaudi (sheet 95), large crystals of ortho- 
olase up to seven inches in length (42/253, 21159) were observed 
in a dolerite (12/262, 21158) which is intru- 
IfllTdokrifet *®*****” sive into Erinpura granite. The dolerite 
is otherwise of normal type. It is suggested 
as a possibility that these large crystals of felspar were derived from 
the Erinpura granite intruded by the dolerite. It may be that the 
Erinpura granite in its deepest regions had not yet completely 
cooled and crystallised when the basic rocks were intruded, and the 
basic magma, in its passage through the semi-solid rock, caught 
up the large felspars. Most of these are idiomorphic, but micro- 
scopic examination of the edges of the crystals indicates corrosion 
to have taken place. 

Support to this view is given by the occurrence half a mile W. 
S. W. of Baida (sheet 96) of a basaltic dyke (42/312, 21228) with 
included fragments of quartz and felspar, all of which are corroded. 
Large crystals of felspar up to five inches in length, together with 
quartz and epidotc, were noted in a chloritised dolerite (42/174 
21061) occurring in Erinpura granite one mile west of Sirori (sheet 
96). 

Evidence of metamorphism of these post-Erinpura-granite but 
„ .. , pre-Malani basic rocks by the Idar granite 

basic rocks by the Idar A^d porphynes of Malam age is not 

granite and its porpby- very common, so the following examples have 

added interest. 

A section (17053) of a basic rock, best termed an amphibolite, 
which occurs two miles south-west of Isri (sheet 96) in a small 


Amphibolite. 


remnant of Erinpura granite which was sub- 
jected to the metamorphosing agencies of 


the Idar granite, contains abundant hornblende, kaolinised felspar, 


iron-ore and a little quartz. 


Included fragments of a long doleritic dyke (20906 ; 17068), 
running practically north and south a little west of the village of 
mdodfn. teof (sheet 96), were noted in a felspar* 

io porphyry dyke which cuts that dolerite. The 
parfii^. black hcagments of the dolerite show up well 
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in oontrast to the lighter coloured felspar-poryphTry (tee Plate 8, 
%. 1). There is no doubt that the felspar-porphyry is younger 
than the dolerite, which itself intrudes Eriupura granite. Sections 
of the dolerite show that uralitisation of the original slightly titan- 
iferous augite has taken place, though abimdant augite and some 
orthorhombic pyroxene are still preserved. 

Doleritio rocks with titaniferous augite and saussuritiscd felspar 
(17073) were noted by the author east of Danta, and Dr. A. M. Heron 
collected specimens from half a mile north-west (20909), and close 
to the felspar-porphyry (20907) on the north-west edge of the village. 
A section (20908) of an xenolith in the felspar-porphyry near the 
last occurrence is suggestive of its being an included ^gment id 
the last-mentioned dolerite. 

Dr. Heron collected two other specimens of basic rocks intrus- 
ive into the Erinpura granite in this vicinity, both occurring three- 
quarters of a mile south-west of Sindret near the temple on the 
Erinpura-Anadra road. The first (20910) is fine-grained and could 
be termed an altered dolerite ; the second is coarser and is an epi- 
diorite. 

The relations between thin basaltic veins (21221), Erinpura 
granite and a felspar-porphyry occurring one mile N.E.E. of 

_ Bilangri (sheet 95) are clearly shown in figure 1 

*"* * of Plate 2. The Erinpura granite is of aplit- 

io type and is intruded by the basaltic dykes, which contain frag- 
ments of it ; later the granite and basalts were intruded by the 

Malani felspar-porphyry. Fragments of the basic rock and of the 
granite were noted in the porphyry. 

On the eastern side of the porphyritio Idar granite If miles 

8. 8. W. of Pardi (sheet 95), a peculiar rock has residted from riie 
picking up of fragments of a post-Erinpuia- 
granite basic rock by the Idar granite during 
its intrusion. The rock is illustrated in Plate 2, figure 2. 

Yet another example (Plate 8, fig. 1) was noted two miles 
east of Phacharia (sheet 95), but in this case, the enclosing granite 
is apparently Erinpura and not Idar. Unless 
the fragments of basic rock (42/266, 21161) 
included in the granite bekng to the Delhi basic rocks, the only 
probable explanation of the occurrence appears to be that the basic 
rook in question was intruded into stiU molten Erinpura granite, 
and that subsequent movements within the granite shattered it. 


Psrdl. 


Phachstla. 
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. The author favours this e^laxiation in view of the somewhat 
analogous occurrences at Phedaudi and Baida described previousljr. 

Other specimens collected on sheet 95 include an epidotis^ 
and zoisitised basalt (42/266, 21172) Orom one mile south of ^rthara ; 

a dolerite (42/302, 21215) occurring between 
Erinpura granites IJ miles S. 
S. W. of Mamauli ; an altered dolerite (42/310, 
21226) from 1^ miles east of Kuma ; a coarser-grained dolerite 
(42/311, 21227) with titaniferous augite of small optic axial angle 
from one mile N. N. E. of the same village; another altered coarse- 
grained dolerite (42/224, 21126) with abundant apatite from a 
quarter of a mile south of this village; an altered dolerite (42/199, 
21096) with abundant iron-ore from one mile south of Amlari; and 
an epidiorite (36/51, 17020) from east of Sirohi. All these spec- 
imens are intrusive into Erinpura granite. 

Similar rocks were noted in that part of Sirohi lying on sheet 
96. Specimens collected include an altered dolerite (20899) with 
titaniferous augite, from just south-west 

•heet'li.****'*"*”* Sanwara (collected by Dr. Heron) ; 

a basalt (21060), eight feet wide, from just 
soutli-east of Pamera; an altered dolerite, of specific gravity 3*00 
and with titaniferous augite, from 1^ miles N. H. W. of the last 
village ; an epidiorite (42/172, 21066) from 1^ miles E. S. E. of 
Nagani, already mentioned as being intrusive into a Delhi amphi- 
bolitic rock (42/175, 21065) (see p. 53) ; an epidiorite (21072) with 
abundant secondary quartz from a quarter of a mile north-west of 
Bhomra; another epidiorite (36/811, 17621) from one mile south- 
west of Dhauli; an altered dolerite (42/316, 21232) from 2| miles 
north-east of Nagani; a dolerite (42/200, 21097) with titaniferous 
augite from 1| miles north-west of Dhan; an altered dolerite 
(21112) with abundant iron-ore from 2^ miles north-west of Dantrai ; 
and finally, an altered dolerite (42/183, 21075) with titaniferous 
augite and of specific gravity 2*95 from Dungrari village. 

The last mentioned occurrence is interesting. The Erinpura 
granite at Dungrari (42/185, 21093) is very coarse-grained with 
large phenocrysts of felspar and with biotite. It is profusely intrud- 
ed by basic dykes. In the west side of the hill behind the village, 
there is a pit dug along the junction of the granite with a basic 
dyke whidi must be of fiur magnitude as the granite is amphib- 
olitised for a distance of at least five feet from the dyke« The 
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resultant rock (42/184, 21076) is composed of a grapkic intergrowth 
of quartz and ortkoclase, together with laths of plagioclase, some 
calcite and numerous prisms of hornblende. 

One si)ecimen was collected from sheet 76 ; 
^ * this is an altered dolerite (36/808, 17616), with 

twinned augite, which intrudes Erinpura granite one mile E. N. E. 
of Bajpura. 

These post-Erinpura-granite but pre-Malani basic rocks follow 
no general strike as a rule ; but in certain areas, an imperfect 
parallelism can be made out. Thus on sheet 
0 genert s r e. south-west of Amlari, the doleritic rocks 

have a more or less general N. W.-S. E. trend. This changes to 
W. S. W.-E. N. E. south of Sanpura. Other strikes are met further 
east. The pre-Malani basic rocks thus do not appear to have had 


No general strike. 


their passage through the rocks they intrude determined by any 
well-defined series of fissures, joints or fault-planes. 



CHAPTER Vra. 


MAUNI SYSTEM. 


Nomenclature. 


The term ‘Malani beds' was given by Blanford to a voloanic 
series of rocks in Western Bajputana, particularly in the Malani 

A f Milmt eki. d^**^^^* Jodhpur State.^ La Touche* has 
^ ^ ^ written an excellent description of the rocks 

of Western Rajputana, paying marked attention to the Ifalani 
series. Frequent reference will be made in this chapter to La 
Touche’s able work. It is considered that these Malani rocks, 
so widespread in Jodhpur and so well-developed in Sirohi, to say 
nothing of their plutonic and hypabyssal facies in Idar State and 
other localities, are of sufScient importance to warrant the use of the 
term ‘ Malani system '• As will be seen, the Malani rocks cannot 
be included in the Delhi system, than which they are much younger. 
According to La Touche:—* 


* After the eruption o! the Malani lavas a oonsideTable period of time may have 
elapsed before the sandstones of the Vindhyan system were deposited upon them. 
The evidence of unoonformability is not so clear as in the case of the junction 
between the schists and sandstones, for as it happens the sandstones are never 
seen in contact with the lavas in places where the latter have been disturbed, but 
wherever the two formations occur together they are both nearly horizontal. On 
the other hand there is clear evidence that the lavas were subject^ to a long period 
of erosion and weathering before the deposition of the sandstones. In the scarps 
north of the city of Jodhpur numerous sections of the junction are exposed, in which 
the sandstones are seen to rest upon a very uneven floor of the lavas. This in it* 
self would not be evidence of unoonformability, for the surface of the lava flows 
was probably originally irregular, as is usual with such viscous lavas as these, but 
the sand tones can sometimes be seen banked up against denuded and scarped 
edges of the flows. Moreover, at the base of the sandstones there is frequently 
a layer of varying thickness in which large blocks of the lava are imbedded in silt 
and grit. Thm are not waterwom boulders, transported from a distance, but are 
always of the same variety of lava as that composing the sheet immediately under- 
lying them, and they have evidently been weathered out in eUUf and then quietly 
buried in sflt. Again, the upper portion of the lava flows, where they are exposed 
beneath the scarps of sandstone, is usually found to be weathered to a oonsiderable 
depth, so that the lava has become quite soft and rotten. This weathering of the 


» Bio, Ckci, Surv, Ind., X, p. 17, (1877). 

* Jrem. (ML awrv. Ini.. XXXV, pp. M16, (1902). 

• Op. cU., pp. 26 ^ 27 . 
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surface of the lavas is not observed where they are not protected by the sandstone, 
and evidently took place before the latter was deposited, and judging from the 
effects of atmospheric agencies on the lavas at the present time, it must have taken 
a very long period to produce the results noted on such slowly altered rocks as these. 
Lastly, in a few {daces patches of true conglomerate, containing waterwom and well 
rolled pebbles and boulders of the lavas, mingled with pebbles of other crystalline 
rocks, and transported from a distance, are found occupying hollows in the imeven 
surface of the lava flows, and underlying the sandstones. These are associated 
with beds of fine red and green shales also of quite local occurrence.’ 

Accordingly throughout this memoir, the term ‘ Malani system " 

may be taken as including all those rocks, plutonic, hypabyssal, 

„ . . - , volcanic and tuffaceous in nature, with their 

Method of descrlptlotu , , , , ^ i . . . 

associated rocks that are intermediate m age 

between the Delhi and Vindhyan systems, and arc thus either late 

Purana or early Palaeozoic in age. The plutonic representatives 

of the Malani system will first be described and then the hypabyssal 

and volcanic representatives. The interrelationship between these 

rocks will then be discussed in detail, utilising such analyses as are 

available. 


Plutonic Rocks : Idar Granite. 

The plutonic rocks associated with the Malani volcanios in Jodh^ 
pur have been given by La Touche the names of Jalor and Siwana 
Jalor and Siwana granites.^ La Touche desoril)es the Siwana 
granites. granite as containing 

^ an abundance of actinolitio hornblende, lunially of a bright green colour but some* 
times with a bluish tinge ; its pleoobroism is usually very strong. It is commonly 
interstitial, but occasionally occurs in idiomorpbic crystals, especially in the veins 
and dykes protruded from the main mass into the surrounding rhyolites. The 
felspar and quartz frequently form a mioropegmatitio intergrowth or granophyric 
structure of great beauty. There seems to be a singular dearth of accessory minerals 
in this granite ; even magnetite is rare.’ 

He adds that 

* the Jalor granite differs from that just described mainly in containing mica as the 
principal ferromagnesian constituent instead of hornblende. There is also a fair 
proportion of plagioolase felspar as well as orthoolase. The mica is of two kinds, 
musocTite and biotite. The former predominates in a specimen from Manpur 
near Pali, No. 12*258, while biotite alone occurs in the granite of Jalor hill, No. 11 * 716 .* 

Middlemiss* Idar granite* is very similar to the Jalor and Siu ana 
granites and he has used the term ^ Idar granite ’ comprehensively 

^ op. eti., pp. 16, 24-25, 90*91. 
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to embrace all three granites. Accordingly there is no point in the 
invention of yet another name, such as ‘ Malani granite \ to embrace 
all these Malani granites and their representatives, the Ban, Isri 
and other granites of the same age in Sirohi State, when the term 
‘ Idar granite ’ has already been used in a comprehensive sense. 

The representatives of the Idar granite in 
Sirohi representativef. Sirohi State have been discussed under the 
following subheadings : — 

1. Ban outcrops. 

2. Isri outcrops. 

3. Nandwar and Sunda hills. 

4. Porphyritic Idar granites and other small occurrences of 

normal Idar granite. 


Ban Outcrops. 

Mention has been made in Chapter I (see p. 10) of the granite, 
occurring with the rhyolites near Ban (sheet 94), which Hacket 

„ . . „ . , referred to the Erinpura granite. This Ban 

Maiiped fcy Hacket. ... i. . • i . j 

gramte^ occiirs as a number of isolated masses 

cropping out in sand and alluvium in the south-eastern corner of 

sheet 94. The most important outcrop forms the southern part 

of the ridge ending with the peaks of 2,181 feet and 1,609 feet. This 

is intrusive into Aravalli shales and slates north-west of Mosal and 

is separated by an hypabyssal facies (granite-porph 3 rry ; 36/63, 17031) 

from the rhyolites forming the northern part of the ridge in question. 

A specimen (36/61, 17029) of this granite from two miles E. S. £. 
of Ban has a speoi6c gravity of 2*64. It is a coarsely crystal- 
line, light-coloured potash-granite containing 
quartz, ortboclase, biotite and a little plagio- 
olase, hornblende and muscovite, with accessory zircon. Some 
orthoclase is graphically intergrown with quartz. Orthoclase micro- 
perthite is also present. The rock thus resembles the Jalor type of 
La Touche, biotite being predominant over hornblende. 

The large hiU culminating in the peak of 2,098 feet, which lies 
to the south of Ban, is also composed of Idar granite. A typical 
specimen (36/60, 17028) was analysed with the 
results given in Table Yl on page 107. These 
results are discussed on page 108. Under the microscope, the rook 
is seen to be composed of the same minerals as were noted in 17029. 

» JKo. OtoL 8wn. I»d., LX, pp. llS-114, (1928). 


Mlnenb pnwnt. 


BraHilL 



MALANI SYSTEM : IDAR OBANITB, 


106 


A small exposure of granite was noted in tlie northern part of 
hill station 1,320 feet to the north-west of Andor. This is a coarse- 
grained rock which crumbles easily. It con- 
tains abundant quartz and pink orthoclase, 
biotite being the ferromagnesian mineral. It possesses no fob 
iation. The granite is better developed in the hills near Euri and also 
north-west of Andor. Some 1| miles north-west of the latter village, 
the granite shows little nodules ])rojecting from its otherwise smooth 
surface. A section (17023) of one of these contains abundant 
toui'inaline, strongly jileochroic, with quartz, ortlioclase, albite, mus- 
covite and fluorspar, light purple in thin section and riddled with 
inclusions of iron oxide. Measurements by the Federov stage showed 
that a Carlsbad twin had a comiiosition of a)>out 2 per cent. An. 

, Other outcrops of granit/C occur in the vicinity 

Other outcrops. . ^ t n/i ^ 

of and in the hills east of Mosal. 

The Tdar granite, as generally developed in this part of Sirohi, 

is a coarsely crystalline rock with no foliation, though jointing is 

rather well developed at times, as e.g., in 

Weathering. pj]|g near Euri. The characteristically 

rounded forms are the result of normal weather- 

ing, greatly assisted b}^ wind erosion {sec Plate 7, fig. 1, and Plate 8, 

(ig. 2). The difference between the smooth rounded tors ot 

Tdar granite and the rugged jointed hills of rhyolite forms a striking 

feature of the scenery. 


Isri Outcrops. 

The hlar granite ocjciirring near Isri has been described briefly 
elsewlien».’ Il occurs in those parts of Sirohi state on sheets 

Locality which are west of Isri (sheet 96). It 

intrudes the ancient Aravallis and also the 
Erinpura granite more or less at the contact betw^een these rocks. 
It is quite unfoliated and forme characteristically rounded hills, 
very reminiscent of tliose formed by the Ban gramite which is of the 
same age and mineralogically akin {see Plate 6, fig. 2). 

The chief mineralogical characteristic of this Isri granite is the 
possession of graphic intergrowths of quartz and orthoclase which 
generally form the greater part of the ground' 
mass of the rock. This feature is entirely 
absent in the Erinpura granite proper, apart 

» Sec. Oeol, Svrv. Ind., LXI, p. 114, (1928). 
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from its pegmatites, but though not t3rpioal in the Ban outoropB, 
it has been noted by La Toucne as ooourring frequently in the granites 
of Jalor and Siwaua in Jodhpur, and by Middlemiss in the Idar 
granite of Idar State. The specimens (36/76, 17060; 36/128,17110) 
from two miles south-west of Isri and from one mile south east 
of Mirpur (sheet 96) show this structure. It frequently happens 
that the disparity in size between the groundmass and the large 
felspar and quartz crystals is such that the rock could be termed 
a porphyry, or, bettor, a porphyiitic granite (86/76, 17061 ; from half 
a mile south-west of Isri). Most of these porphyritic granites occur 
as dykes rather than plugs or bosses ; these ooourrenoes will be de • 
scribed under the fourth subheading. 

Muscovite is a rare constituent of the Isri outcrops. It was 
noted in a specimen (17062) from 2f miles south-west of Isri, the 

Muscovite rare. being much finer-grained than another 

specimen (17092) from the north-eastern end 
of the Sindret ridge. This latter somewhat resembles the muscov- 
ite-granite (12/268) from Manpur, near Pali, described by La 
Touche. 

Both biotite and hornblende are common but the former mineral 
predominates over the latter. Specimens (17060 and 17064) of 
biotite-granite were collected from two and from 
Ihan^homWondc!*^"*”^ three miles south-west of Isri. Dr. A# M* Heron 
collected a specimen (20901) from the Idar 
granite in the valley with temples, north of hill station 2,181 feet, 
one mile south-east of Mirpur. The biotite is frequently altered 
to chlorite and the felspars are sericitised. 

The occasional presence of fluorite in the Ban outcrops has been 
noted above. Fluorite is also not abundant in the Isri outcrops. 

Fluorite. granite (36/77, 17066; 

specific gravity, 2*61) from two miles west 
of Isri. It occurs in an analysed specimen (36/128, 17110) from 

the foot of hill station 2,181 feet, one mile south-east of Mirpur 
and in one (42/317, 21214 ; specific gravity, 2*60) from IJ miles 
east, a little south, of the same village. The biotite of the last spec- 
imen is crowded with inclusions of iron-ore. 

The results of the a^ysis by Mons. F. Raoult of the potash- 
granite (36/128) from the foot of hill station 2,181 feet, one mile 
south-east of Mirpur (sheet 96), are given in 
Table VI, which follows, together with [those of 
an analysis by the same gentleman of a potash-granite (36/W) from 



MAtANI SY0TBM : IDAR GAAKITB. 


im 


Ban (shoet 94). Both these analyses, and their mean, may be com- 
pared with that by Dr. W. A. K. Christie of a hornblende-granite 
from Kawa in Idar State, ooUeeted by Middlemiss, and^ with Rosen- 
busch’s average of twelve analyses of alkaline granites. The author 
is unaware of any published analysis of the Idar granite other than 
that by Dr. Christie mentioned above. 


Tabus VL 


— 

36/60 

36/128 

A 

B 

0 




Per cent. 

, Per cent. 


Per cent. 

Per cent* 

Si 0, . 

• 


75«46 

74*64 

75*03 

73*30 

66*04 

Ti 0, . 



0^2 

0*40 

0*46 

0*11 

0*69 

iLl, 0. . 



IMl 

12*06 

11*68 

12*33 

14*77 

Fsg Og • 



0-11 

0*07 

0*09 

2*58 

1*18 

Fe| 0^ 



2*24 

1*90 

2*07 

1*28 

4*41 

MnO . 



0-00 

0*05 

0*07 

0*02 

0*11 

MrO . . 



0*18 

0*07 

0*13 

0*26 

0'98 

CaO . 



116 

1*12 

1*14 

0*46 

2*95 

Na, 0 . 



2-75 

3*38 

3*06 

4*55 

2*50 

K, 0 . 



5*64 

6*60 

6*62 

4*20 

6>25 

Ha 0—105*^. . 



0*28 

0*20 

0*24 

.. 

0-2l‘ 

H,O+305*»O. . 



0*61 

0*78 

0*66 

0^86 

0-71* 

P* 0. . 



trace 

(hoa 

0*02 

0*05 

trace- 

Other constituents 



•• 

•• 


•• 

(hOS 

Totals 


100*06 

100*32 

100*18 

100^ 

99*91* 

Rpeclflo gravities 

• 

• 

2*647 

2*612 

2*63 


2*72 


30/eo. PoUah-granite, Ben (siieet 94)» Sirohi SUte (F. Eaoiilt). 

30/128. Phtash^grailite. foot oi hill ftt«tion 2,181 foot, oae mile Bouth»cAfit of Mirpur 
(sheet 93), Sirohi State (F. Baoult). 

A. Mean eompositickii of 39/90 sad 36/193. 

B. Bfossabiitws sversM of twelve alkaliiie granitee. * 

0. Hornblende •granite, Kawa, Idar State (W. A. K, CJhristio).* 

1 --logo 0. 

• +108® C. 

» As quoted by R. A. Duly, ‘ Natural History of Igneous Rocks Now York, p. BO, 
(1014). 
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It will be seen from Table YI that the specimens of Idar gianite 
from Ban and Mirpur (Isri) are more or less normal alkaline (potash-) 

ttaar of ivMi. granites. The silica and potash percentages 
“*'****■ are slightly higher than those in Rosenbusch’s 
average alkaline granite, whilst the soda is slightly less. Comparison 
of the analyses with that of the hornblende-granite from Kawa 
indicates that the latter is definitely more basic than the Sirohi 
representativos of the Idar granite. This variation in composition 
approaches that of the Erinpura granite as indicated by the analyses 
in Table II on page 69. A rather surprising result is that the mean 
of the two analyses of Erinpura granite from Trevor Tal (Abu) and 
Waloria very closely approximates to the mean of the two analyses 
of the much younger Idar granite from Ban and Mirpur. 

Naadwar Hill and the Sunda Hills. 

The granite cropping out in Nandwar Hill and the Sunda hills has 
many features of interest. The hills in question are found in the 
south-eastern corner of sheet 75, lying 
principally in Jodhpur State ; the north- 
oastem oorner of sheet 76 and the north-western comer of sheet 
96, both in Sirohi State. Certain of the localities mentioned here- 
after are in Jodhpur as it was necessary to examine certain occurrences 
across the border in order to understand the relationships of the 
rooks forming the hills. 

The Sunda hills (see Plate 5, fig. 2) culminate south-west of 
Jaswantpura (sheet 76) in the peak of 3,262 feet. They form a 
very conspicuous landmark and, taken in con- 
junction with Nandwar Hill (see Plate 6, 
fig. 1) to the south, they bear comparison in size with the nmmj 
of Mount Abu.* Nandwar Hill rises to heights of 3,220 and 3,277 
feet in two peaks on sheet 96, almost at its junction with sheet 76. 
There is a bungalow on the Sunda hills but no such building exists 
OB Nandwar Hill ; nor is this to be wondered at when one ascends 
the steep precipitous slopes of the latter. 

About half of the 4| square miles of Sirohi on sheet 76 is occupied 
by Idar granite. The greater portion of the remainder consists 
of sand and alluvium, with some Erinpura 
granite is clearly intruded by the Idar granite 

^ It amt be mBMaband that the mnlte eomposing thew bilk to tlw Idar granite, 
.ektoh to maab yonngMr ia age tbaa tfaelBriapara granite fornking Meant Abn. 


Btevagea. 
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in its various modifioations. The evidence of this is better seen 
in the extreme north-eastern ooiner of sheet 76, in the vicinity of 
the Sirohi villages of Anapura and Nimsoh. A geologioal sketch 
map of the area in question, embracing parts of the four one inch 
sheets, 76, 76, 96 and 96, is given below as Figure 8._j 



V V * V V 

V V V » v' 

V V V V V « 


efiwpi/ft/i /atp Am 

eAAWTF eftAM/T£ AILUV/UM 

Fio, 8. — Qeologioal sketoli map of the parte of Jodhpur and Sirohi StatM at the Junetioa 
of the one-inoh map sheeta 75, 76, 95 and 96. The longitude given ia that of tha one* 
inch sheeta. 


The Erinpura granite occurring in the ‘ bays * of Idu granite 
south of Anapura (sheet 76) is highly crushed and altered. It » 
„ intruded by its pegmatite and also by basic 

dykes. The Idar gramte on the other hand 
is free from pegmatite and basic dykes. The tongues of Idar gran- 
ite stretching N. N. W. from south of Anapura and S. S. E. to south- 
east from south of Uohmat (sheet 76) iti Jodhpur are of the type 
designated porphyritio granite (see p. 112). 
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indicate that the cooling granitic magma was subjected to severe 
strain during the cooling process, more particularly so for the latter 
specimen. The same features were noted in two specimens (42/804, 
21217 ; 42/305, 21218) from IJ miles south-east and 2J miles S. S. E. 
of Mirpur (sheet 95). They are marginal facies of the granite which 
show brecciation and possess a certain similarity with rhyolitic 
types (S6/123, 17104) from a little further north, viz.^ south of 
Varela (sheet 95). 

Porphyritic granitic types were noted in the tongues of Idar 
granite between Uchmat (sheet 76) and Nimach (sheet 76). These 
are similar in appearance under the micro- 
NimSim IWlI* scope to the examples noted above as occurring 

in the Tsri outcrops. Typical specimens were 
collected from half a mile south of Uchmat (42/208, 21108) and one 
mile south-east of the same village (42/209, 21109). The latter 
specimen has a specific gravity of 2*71. 

Four more or less parallel occurrences were not(‘d in that south- 
eastern part of Jodhpur in the extreme south-western corner of 
sheet 95. The largest of these, culminating in the j'cak 1,(J89 feet, 
Other occurrences on runs S. S. E. just across tlu' Ijorder into Hirohi 
sheet 95. State. The northernmost hills tr(*nd more 

S.E.-N,W. 


Three dykes running N.N.K.-S.S.W. were noted near Motagaun. 
Specimens of these porphyritic granites (42/266, 21162 ; 42/267, 
21163) contain large crystals of quartz, orthoclase and plagioolase, 
set in a moderately coarse eutectic of the first two minerals. Biotite 
is the ferromagnesian mineral. A certain amount of calcite is pres- 
ent. The latter specimen has a specific gravity of 2*62. A photo- 
micrograph of the section (21163) of this is shown as figure 1 of 
Plate 10. 

A set of five specimens was collected from half a mile south- 
east of Kalandari village. These (42/260-264, 21166-70) occur in 
the low ground between two streams and their relations with the 
Erinpura granite are obscured by alluvium. They vary in colour 
from flesh to pink. They are all coarse-grained, normal granites 
containing quartz, orthoclase, muscovite and biotite largely altered 
to chlorite, some calcite and a little iron-ore. Some micrographic 
intergrowth of quartz and orthoclase exists. The specific gravities 
of the last four specimens are 2*62, 2*76, 2*62 and 2*64 
xespeotively. 
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The low range of hills south-east ^*of Phaoharia, which trends 
is formed of a moderately fine-grained, light-coloured 
granite (42/264,21160), chiefly composed of quartz and orthoclase. 

There are several hills in the vicinity of Siloi, trending more or 
less N.N.B.-S.S.W,, which are composed of pink porphyritic Idar 
granite. Particular mention may be made of the hill one mile south, 
and of hill station 1,408 feet, 1^ miles S. S. W., of the village. Spec- 
imens from the former hill (42/274, 21181 ; 42/276, 21182) show por- 
phyritic granites with abundant fine flakes of biotite and a certain 
amoimt of iron-ore. A slickensided surface of the Idar granite 
was noted in hill 1,408 feet. It would appear from such e^ddenco 
as is available in the field that the intrusion of these dykes of Idar 
granite was accompanied by faulting in many cases. 

The felspars of a specimen (42/307, 21223) from further south 
of the above occurrences, viz,, one mile north-east of Baida, are ser- 
icitised, the rotjk having a greenish appearance in consequence. 

A few dolerites intrude the Idar granite in the hill two miles 
south-west of Mamauli ; but the gianite breaks the continuit} of a 
quartz |»egmatite vein intruding tlie Erinpura gianitt* of tins iegif»n 
and hence is Idar-, not Erin[)ura-gianite, h\ age. A specimen (42/277, 
21184) from 2^ miKs south-west of the same village resembles the 
Siloi and otner porphyritic granites, but contains an appreciable 
amount of plagioclase (21184 B). Another specimen (42/303, 21216) 
was collected from U miles S.S.W. of Mamauli. 

The pink granite forming hill station 1,185 teet, S.S.W. of 
Bilangri, varies greatly in texture that part ioiming the lull 
proper is a porphyritic granite; the northern 
shee^96 southern extensions are felspar-poiqjhyric*,-., 

A ridge composed of por})hyritic Idar 
granite runs apiiroximately north from one mile north-west of Harni 
in the north-western corner of the sheet. Specimens (42/212, 21113 ; 
42/213, 21114) have the usual pink colour due to large orthoclase 
crystals. The ridge is shown as figure 2 of Plate 7. What appears 
in the field to be a fault rock (42/214, 21115) occurs on the western 
side of the granite ridge, some 1^ miles W. N. W. of Harni. The 
section, however, shows a chloritised, and somewhat crushed, horn- 
blendic porphyritic granite. 

The ridge running north from the little village of Werkan and 
containing the peak of 1,024 feet, is composed of a coarse, porphy- 
litic form of Idar granite, similar to that forming the northerly 
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indicate that the cooling granitic magma was subjected to severe 
strain during the cooling process, more particularly so for the latter 
specimen. The same features were noted in two specimens (42/804, 
2L217 ; 42/3(^6, 21218) from miles south-east and 2J miles S. S. E. 
of Mirpur (sheet 95). They are marginal facies of the granite which 
show brecciation and possess a certain similarity with rhyolitic 
types (S6/123, 17104) from a little further north, viz., south of 
Varela (sheet 95). 

Porphjritic granitic types were noted in the tongues of Idar 
granite between Uchmat (sheet 76) and Nimach (sheet 76). These 
_ ^ are similar in appearance under the mioro- 

Nandwar Hill. scope to the examples noted above as occurring 

in the lari outcrops. Typical specimens were 
collected from half a inil(‘ south of Uchmat (42/208, 21108) and one 
mile south-east of the same village (42/209, 211(^9). The latter 
specimen has a specific gravity of 2*71. 

Four more or less jiarallel oocuriences were noted in that south- 
eastern part of Jodhpur in the extrenu' soutli-western corner of 
sheet 95. The largest ol thest*, culminating in the j'eak 1,089 feet, 
Otto occurrences on runs S. S. K. just across tin* l>oider into Birohi 
sheet 95. State. The northernmost hills trend more 

S,E.-N,W. 

Three dykes running N.N.K.— S.S.W. were noted near Motagaun. 
Specimens of these porphyritic granites (42/266, 21162 ; 42/257, 
21163) contain large crystals of quartz, orthoclase and plagioclase, 
set in a moderately coarse eutectic of the first two minerals. Biotite 
is the ferromagnesian mineral. A certain amount of calcite is jires- 
ent. The latter specimen has a specific gravity of 2'62. A jihoto- 
micrograph of the section (21163) of this is shown as figure J of 
Plate 10. 

A set of five specimens was collected from haH a mile south- 
east of Kalandari village. These (42/260-261, 21166-70) occur in 
the low ground between two streams and their relations with the 
Erinpura granite are obscured by alluvium. They vary in colour 
from flesh to pink. They arc all coarse-grained, normal granites 
containing quartz, orthoclase, muscovite and biotite largely altered 
to chlorite, some calcite and a little iron-ore. Some micrographic 
inteigrowth of quartz and orthoclase exists. The specific gravities 
of the last four specimens are 2*62, 2*76, 2*62 and 2*64 
respectively. 
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The low range of hills south-east ^of Fhacharia, which trends 
M.B.-S.W., is formed of a moderately fine-grained, light-coloured 
granite (42/254| 21160), chiefly composed of quartz and orthoclase. 

There are several hills in the vicinity of Siloi, trending more or 
less N.N.E.-'S.S.W., which are composed of pink porphyritic Idar 
granite. Particular mention may be made of the hill one mile south, 
and of hill station 1,408 feet, Ij miles S. S. W., of the village. Spec- 
imens from the former hill (42/274, 21181 ; 42/276, 21 182) show por- 
phyritic granites with abundant fine flakes of biotite and a certain 
amount of iron-ore. A slickensided surface of the Idar granite 
was noted in hill 1,408 feet. It would appear from such evidence 
as is available in the field that the intrusion of these dykes of Idar 
granite was accompanied by faulting in many cases. 

The felspars of a specimen (42/807, 21223) from further south 
of the above occurrences, viz.^ one mile north-east of Baida, are s(‘r- 
icitised, the rock having a greenish appearance in consequence. 

A few dolerites intrude the Idar granite in the hill two miles 
south-west of Miimauli ; but the gianit(‘ l)reak.s the continuity of a 
quartz )»egiuatite vein intruding the Erinpura granite of this legion 
and henije is Idar-, not Mrinpura-granite, in age. A spiu'imen (42/277, 
21J84) from 2^ miles south-west of the same village resembles the 
Siloi and other porphyritic granites, but contains an appreciable 
amount of plagioelase (21184 B). Another specimen (42/303, 21216) 
was collecte<l from 1^ miles S.S.W. of Mamauli. 

The pink granite forming hill station 1,186 S.8.W. of 

Bilaiigri, varies greatly in texture that j^art foiniing the hill 
proper is a porphyritic granite ; the northern 
shcet*96 southern extensions are felspar-porpbyrie>. 

A ridge composed of por})hyriti(! Idar 
granite runs approximately north from one mile north-west of Harni 
in the north-western corner of the sheet. Specimens (42/212, 21113 ; 
42/213, 21114) have the usual pink colour due to large orthoclase 
crystals. The ridge is shown as figure 2 of Plate 7. What appears 
in the field to be a fault rook (42/214, 21116) occurs on the western 
side of the granite ridge, some IJ miles W. N. W. of Harni, The 
section, however, shows a chloritised, and somewhat crushed, horn- 
blendic porphyritic granite. 

The ridge running north from the little village of Warkan and 
containing the peak of 1,024 feet, is composed of a coarse, porphy- 
litic form of Idar granite, similar to that forming the northerly 
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trending ridge with the hill station 1,188 feet to the north'east. 
The parallel ridges near Sanwara are granite-porphyries ratiier than 
porphyritio granites, but the southernmost one, between Sirorj and 
Palri, is of the latter tjrpe (21068). The short ridge, also trending 
northerly, adjacent to the village of Selwara, is composed of a 
biotitio por^yritic granite (42/177, 21068). Three ridgee of por- 
phyritio Idar granite (36/802, 17609) occur near the deserted village 
of Dewari in the south-western corner of the sheet; the sonthem- 
most one is out by two post-Malani basic dykes (see p. 143). 



CHAl^TER IX. 


MALANI SYSTEM— co/i«floerf. 

HYPABYSSAL ROCKS: QUARTZ-PORPHYRIES, QUARTZ-FELS- 
PAR-PORPHYRIES, FELSPAR-PORPHYRIES, QRANITE-POR- 
PHYRIES, QRANOPHYRES AND MICROQRANITES. 

Rocks of Malani age, classed as l]ypab\ssal 
in nature, occur in Sirolxi State as under : — 

1. Ban area (sheet 94). 

2. Danta-Sindret area (sheet 95). 

3. Undwaria area (sheet 96). 

4. Other occurrences on sheet 95. 

5. Other occurrences on sheet 9C. 


Baa Area (Sheet 94). 

Reference has been made ()». 104) to a granile-ixorph} ly on.uiiing 
two miles north of Ban, which Is regarded as a marginal jihase of 
the Ban granite. This (36/63, 1703J) has the 
same specific gravity (2’64) as the Ban granite. 
It oontains a fair amount of muscovite. 

. . It is possible that the specimens from Andor 

(36/70, 17038 ; 17040) referred to the Ifirinpuro 
gtranito {see p. 61) arc Malani in age. 


Danta-Sindret Area (Sheet 95). 


A remarkably well-developed system of porphyry dykes pene- 
trates the Erinpura granite in the vicinity of the villages of Danta 
. and Sindret. The general trend of the dykes 

near Danta is about llO** (W.N.W.-E.S.E.) 
Those oooaning to the west and north of Danta may be seen in the 

( 118 ) 
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geologioal sketch map of Danta and Sindret, embracing part of 
Pamta Hill, which forms Figure 9. 



Fiq. 9.— Geologioal sketch map of the Danta-Sindret area, embracing part of Pamta 
Hill (sheet 95). The longitude is that of the one>inch sheet. 


The age of these fekpar ]>orphyries is fixed hy the facts that 
th^'y are everywhere intrusive into the Ennpura granite and that 
they are associated with rhyolites, dellenites 
and Idar granite of Malani age Just west 
of the village of Danta, there is a dolerite dyke (20906 ; 17068) men- 
tioned previously {see pp. 98-99) as being intrusive in the Brinpura 
granite ; this dolerite dyke is older than the Malani felspar-porphyry 
dykes which out it and which include fragments of it. 
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An analysis by Mons. P. Baoult of a quartz-felspar-porphyry 
(36/97, 17076) from one mile nortn-west of Jianta, and <Aher anal- 
yses of related Sirohi rocks and rocks from 
other countries, are given in Table Vll. 


Analjrset. 


Table VII. 


— 

36/97 

36/119 

36/128 

36/66 

36/(K) 

A 

B 

0 




Per cent. 

Per cent. 

Per cent. 

Pet cent. 

Per cent. 

Per cent. 

Per cent 

Percent. 

81 O, . 



00-98 

70-62 

74-64 

74-80 

76-46 

72-60 


69-03 

Tl 0, 



0-81 

0-78 

0-40 

trace 

0-62 

0-30 

.. 

0-33 

At, 0» 



12-92 

18-24 

12-06 

13-0.5 

11-11 

lS-88 

16-21 

14-96 

Fe, 0. 



0-31 

2-37 

0-07 

0-85 

0-11 

1-43 

1-74 

1-78 

KflO . 



8-71 

1-71 

1-90 

1-17 

2-24 

0-82 

0-66 

0-5.6 

Mn O . 



0-10 

i race 

0-05 

0-04 

0-00 

0-12 

.. 

trace 

. 



O-HO 

<1-85 

0-07 

0-11 

0-18 

0-88 

0-93 

0-00 

Ca 0 . 



1-16 

0-98 

1-12 

0-04 

1-16 

1-32 


1-46 

I 

Na, 0 . 



2-68 

2-71 

3-38 

4-16 

2-76 

3-64 

6-11 

5*30 

K, 0 , 



5-62 

5-28 

6-60 

4-58 

6-64 

4-03 

4-63 

8-99 

H, 0— 106* C. 



0-19 

0-81 

0-20 

0-21 

0-28 


.. 


H, O-fl06® C. 



1-66 

1-38 

0-78 

0-88 


1-62 

0-77 

0-44 

00, . 



0-18 

0-12 

.. 

trace 


.. 

.. 


P.O, . 



0-07 

0-11 

0-05 

.. 

truce 

0-06 

.. 

0-33 

Oilier oonstituonts 


.• 


.. 



.. 

.. 

0-36 

Totals 

. 


100-04 

100-46 

100-32 

100-24 

100-06 

100-00 

100-28 

100-01 

Hiwclflc gravities 



2-637 

1 

2-642 

mmoii 

2-617 

2-647 


-- 



30/97. Quart/i-fola par-porphyry, one mile north-west of Daiita (sheet 95), iSirolii 
State (F. RaouJt), 

3(*»/119. Dellenite, top of hill station feet, one mile north-west of Sindroi (sheet 
05), Sirohi State (F. Raoolt). 

35/128. Potash-granite, foot of hill station 2,181 feet, one mile south east of Mirpiir 
(sheet 95), Sirohi State (F. Kaoult). 

35/65. Banded rhyolite, three miles W. N. W. of Alpa (sheet 94), Sirohi State (F. 
Baoult). 

36/60. Potash-granito, Ban (sheet 94), Sirohi State (F. Raoidt). 

A. Osann's average of 64 liparites, including 40 rhyolites.^ 

B. Quartz-traohyte-andesite, Porobbo, Toba Lake, Sumatra (Herz).* 

C. Qrattite-porphyry, northern part of Crazy Mountains, Montana, U. S. A. 

(Hillebrand).» 

1 As quoted by R. A. Daly, ‘ Igneous Rooks and Their Origin ’, New York, p. 19, 
•As quoted by J. P. Iddings, * Igneous Books ’• London, II, p. 134, (1913). 
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It will be seen from an examination of Table VII that there is a 
dose relationship between the analysis of the quartz-felspar^porphyry 
between dellenite from the top of hill 

qaartx>feli|iar>|HirplQrry station 1,961 feet. As mil be seen later, it is 
anddelienlte. considered that the dellenites are the volcanic 

equivalents of the felspar-porphyries. Both analyses show a certain 
similarity with the analysis of the granite-porphjoy from the north- 
ern part of the Crazy Mountains, Montana. 

The specific gravities of these porphyries vary largely as will be 
seen from the following figures in which the number of ^e specimen 

SDedlicnsvttleg “ “ parenthesis :-2-637 (36/97); 

bpecmctrsTiaeg. ^.64 (36/81); 2-72 (36/87); and 2-72 (36/90). 

The mineralogical composition of the porphyries will best be 

understood from the following brief description of certain spec- 

... . ^ imens collected in the course of the field 

Mliicraloncu cottton . 

work. 

The analysed specimen (36/97, 17076) contains abundant corr- 
oded phenocrysts of quartz, orthoclase and fewer plagioclase cryst- 
als, set in a fine-grained groundmass of the 
gri^ctateiSfowSl*”*' minerals together with some oalcite and 

chlorite, the last mineral probably being der- 
ived from hornblende. A quartz-felspar-porphyry (36/101, 17080) 
from the western end of the hill a quarter of a mile east of Danta is 
similar to the above, but there is a strong development of a fine- 
grained miorographic (granophyric) intergrowth of quartz and ortho- 
clase. The orthoclase phenocrysts show microperthitic intergrowth 
with albite. A specimen (36/102, 17081) from the middle of the same 
hiU shows more pronounced perthitic intergrowth than the former 
specimen. Another specimen (36/103, 17082), from the eastern end 
of the same hill, shows larger phenocrysts of orthoclase and a ciy'stal 
of iron-ore, with hexagonal boundaries, measuring 0*9 mm. across. 
These last three specimens, taken from the same hill, show that 
there is a little longitudinal variation in the same porphyry dyke. 

Lateral variation is much more pronounced, inasmuch as the. 
edges of the dykes show the effects of chilling and are much fincr- 
grained than specimens taken from the central 
Utefslvsrlaflon. potions of the same dyke. Thus a specimen 

(36/91, 17071) from just west of Danta village is of normal type, 
whereas a specimen (36/96, 17074) from the marginal facies of the 
same dyke shows the fine-grained chilled |>ortion as will as the usual 
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ooarse-giained porphyry. The chilled margin is as a rule less than 
one inch in width. ^ 

La Touche^ has written of the formation of * quartz mosaics ’ 
in the rhyolites of Western Rajputana in which secondary quartz 
siirrounding a quartz phenocryst is in optical 
Mlcrogi^ic tafw- oontinuity with the quartz of the phenocryst. 
orSioclaae. A somewhat similar phenomenon was ob- 

served in certain felspar-porphyries, as, for 
instance, in the last-mentioned example (17074). The large ortho* 
clase phenocrysts are frequently surrounded by a rim of fine-grained 
materia] which appears to be a very fine-grained ‘ myrmekitic ’ inter- 
growth of ? quartz and 1 orthoclase.* Both minerals of this inter- 
growth appear to extinguish with the phenocryst. It thus seems 
that there has been partial solution of the orthoclase phenocryst 
around its edges and that silica, in the form of qrnrtz, has crystall- 
ised out in the place of the dissolved orthoclase. Accordingly the 
orthoclase in the rim should be in optical oontinuity with the pheno- 
oryst as it is really that part of its margin which has not been re- 
moved. 

Sederholm uses the term ‘ myrmekite ’ for 

' an intergrowth of plagioolase and vermioular qnartz, generally replacing 
IHitash felspars, formed during the later or paulopost stages of consolidation, or 
Myrmekite duiing a subaeqnent period of plutonio activity.’* 

‘ The reaction involves the liberation of eilios, which appears as qnartz, and 
of potash, which goes to form the shreds of biotite often in the neighbourhood of 
myrmekite.’* 

It is impossible to state with certainty that the mineral intergrown 
with quartz in the section described above is orthoclase and not 
plagioolase ; in other examples, however, it will he seen that 
oontinuity of extinction is not found and in these it is possible that 
the intergrowth is true myrmekite, quartz and plagioolase. 

Other sections showing this phenomenon are 17071, 17060 and 
17069. The bordering rim is more composite in a specimen (36/126, 
17107) from one mile north-east of Mirpur and the extinction of ila 


» Jfew. Oeof. Svrv. Ind., XXXV, pp. 80-81, (1902). 

■ F. Becke, * Zur Physiographie der Qemengteac der KryHtallinen Scliiefer Vjonna, 
pp. 38-44, (1906) ; also Plate 2, figs. 21 and 22. A. L. CJoiuson, Bec» Oed, Svrt\ hid.. 


LXV, p. 188, (1931). 

*A. Holmes, * The Nomenclature of Petrology’, London, p. 164, (1920). For a 
detailed discussion of the term, ste J. J. Sederholm, Bvll. Comm. Qtd. Finlande, XLVHI, 
pp. 63-143, (1916). 

^ « G. W. T^ll, ‘ The Principles ol Petrology London, p. 94, (1926), 
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various components bears no general relationship to that of the 
ortljoolase phenocryst. 

A specimen from a quarter of a mile soiitn-east of Danta village 
(36/81, 17060) shows an excellent example {nee Plate 10, fig. 2) in 
which the formation of the mjormekite is not 
Composltloo of felipan. restricted to the marginal portions of the ortho* 
olase phenocryst. Certain phenocrysts in this 
slide have a mere central remnant of orthoclase, the whole of the 
outer part Iming composed of myrmekitt^. Most of the felspar j^lieno- 
crysts in these rocks are orthoclase with varying amounts of pertl itic 
and microperthitic intergrowths of acidic plagioclasc, probal ly albite. 
There are, however, frequently phenocrysts of plagioclasc* which, 
as will be seen, are of about the same basicity as the plagio<*laBcs 
in the dellenites described hereafter (see pp. 134-136). Tims in a 
specimen (36/71, 17041) from one mile north-east of Sindret, meas- 
urements by the Federov stage of the composition of the fel8i>ar 
individuals forming two albite-Ala B complexes, which are in more 
or less parallel growth, indicate a composition of 33 per (cut. An. 
These complexes have been described and figured elsewhen*.^ 

Another albite-Ala B complex, with pericline twinning, was 
noted in the felspar-porphyry (36/127, 17108) from 1 J miles S. S. W. 
of Sindret. This likewise has a composition of 33 per cent. An.* 
An albite-Ala B complex and an associated albite twin of (.ompos- 
ition 36 per cent. An were noted in a porphyry (17019) from half a 
mile south of Khomal.* 

However in a porphyry (36/87, 17066) from 2| miles south, a 
little west, of Uanta, determination by the Federov stage of the 
composition of individuals forming an albite-Carlsbad com))lcx gave 
results of 5 per cent. An, It is probable that this relative acidity 
is the result of albitisation. 

Certain of the porphyries of this and other areas appear U> con- 
tain chalcedony. Thus in a quartz-felspar-porphyry (36/89, 17069) 

Chalcedony Danta, spherules of this 

mineral were noted. Between crossed nicols, 
the chalcedony shows a cross which is parallel to the cross-wires 
and remains so on rotation of the nicols and cross-wires. The 

^ A. L. Oaulson, Eec, Oeol. 8wv. Ind,, LXV, p. 181, (1981). 

* A L. Oonlton, loe. et(., p. 178. 

* A. L. CSonleon, loe. cU,, pp. 180 - 181 . 
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fibres oonstitutiDg the spherules generally have their elongation 
parallel to a:, the fastest ray. Were they quarts elongated parallel 
to the c axis, this rap would always be the slowest.^ Some of the 
quartz phenocrysts have a border of a fibrous mineral which is also 
probably chalcedony. Tn certain cases, the centres of the sphertdes 
of this bordering mineral appear to be located next the edge of the 
quartz phenocryst, the ‘ spherules ’ thus really being ‘ semi-sphenil«B ' 
which have grown radially outwards from the margin of the 
cpiartz phenocryst. Similar rims are visible in a porphyry (86/105, 
17084) from half a mile E. S. E. of Sindret and in a felspar-porphyry 
(86/127, 17108) from IJ miles S. S. W. of the same village. 

Somewhat similar fine-grained rims of indeterminable nature 
can be seen surrounding certain of the quartz phenocrysts in a spec- 
imen (36/98, 17077) from a quarter of a mile S. S. E. of Sindret. At 
times these doubly refracting rims are separated from the pheno- 
crysts by ail isotropic ^ glassy border*. 

Hornblende appears to be the usual ferromagnesian mineral in 
these porphvri<‘8 from Sindrc't and Danta but generally it is very 

HornbletKle much altered to chloritic minerals and epi- 

dote. Fine-grained biotite, hovrever, is some- 
times predominant (17109). Quite frequently a rim of small horn- 
blende crystals may be seen around a quartz crystal (36/95, 17070; 
36/88, 17067). This is perliaps best developed in the porphyry 
previously mentioned (36/87, 17066) from miles south, a little 
west, of Danta (srr p. 120) where there are quartz phenocrysts poss- 
ibly of two kinds. Some have rims of hornblende ; these are poss- 
ibly ('fU'lavf's mallogeiiis or accidental inclusions of quartz. 
The others are normal phenocrysts of quartz which are greatly 
corroded. It may be noted in this connection that a specimen 
(17061) from a quarter of a mile south-east of Danta shows inclus- 
ions of what are possibly fragments of the Aravalli rocks, 

Calcite is common in certain porphyries (17061). This mineral 
can be seen developing from felspar in a specimen (36/90, 17070) 
Calcite. from Danta village. 

Very large composite felspar phenocrysts were noted in felspar- 

porphyries (36/106, 17085; 17093) from one mile north-east and 

^ .... miles north of Sindret respectively. They in- 

Compoeite felspars. . , „ ^ i ^ j A 

elude small crystals of sphene and apatite. 

* O. Magge, ‘ Bosenbusch's Mikroskopische Physiographie dcr petrographiacbe 
wioktjgea Mineoralien Stuttgart, I, Pt. 2, p. 196, (1927). 

J. P. Iddings, * Book Minerals \ London, p. 540, (19X1). 

K 
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A febpar-porphyry (36/108, 17087) from IJ mileB S. S. E. of 
Khomal and another (17019) mentioned previously (p. 120) as occurr- 
ing half a mile south of !^omal, are very 

Porphyries resembilns siuiilar in appearance in hand-specimens and 
dellenites. under the microscope to the dellenites of 

Pamta HUl. The former contains a consider- 
able amount of calcite. Another porphyry (36/120, 17101) from IJ 
miles south-west of Sindret, intrudes the rhyolites of the southern 
part of Pamta Hill ; it is the hypabyssal equivalent of the dellenites 
which overlie the rhyolites. 

Similarly quartz-porphyries were noted which are the hypabyssal 
equivalents of the rhyolites of Pamta Hill. A specimen (36/96, 

- . . . 17076), of specific gravity 2*62, from halif a 

mile south of Smdret, contams abundant pheno- 
orysts of quartz with fewer of orthoclase, set in a fine-grained 
siliceous matrix. Similar porphyries occur in the small hill miming 
north from the village (36/110, 17089 ; from one mile north of Sind- 
ret). Another quartz-porphyry (36/104, 17083), from one mile 

south-west of Danta, shows the effects of shearing, a banded stract- 
ure being developed. 

These -quartz-porphyries of the Danta-Sindret area have been 
given the same colour as the rhyolites on the one-inch map sheets 
on which mapping was carried out. They are 
polphy ri^ *** contemporaneous, both quartz-porphyries and 

rhyolites being slightly older than the felspar- 
porphjnties from which they have been coloured differently. In 
other areas, however, quartz-porphyries grade into felspar- and gran- 
ite-porphyries with wHch they appear to be contemporaneous ; in 
these cases they have not been differentiated on the map. 

A rather more basic porphyry (17069) was noted IJ miles north- 
west of Attaji ka Mul. This contains phenocrysts of felspar with 
fine-grained rims as described previously and, also, abundant hom- 
u . . blende in prisms of varying size, set in a rather 

coarse felspathic and quartzose matrix with a 
fair amount of iron-ore. 


Uadwaria Area (Sheet 96). 

Porphyries are found in the vicinity of the small village of Und- 
wana, south-east of the larger village of Sanwara on the road from 
, srfwi, Sirohi to Anadra. The general strike of the 

felspar-porphyries in this area is more or less 
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that of the similar rocks occurring near Danta, viz.^ N.W.-B.E. As 
at Danta, they are associated with rhyolites and Idar granite but 
no dellenites occur. The rhyolites occur on the southern conti- 
nuation of the general N.— S. line along which lie the Ora rh^’^olites 
and the rhyolites and dellenites of Pamta Hill. 

The following brief description of certain specimens from this 
Mineralogicaliy alnill- indicate their mineralogical similarity 

ar to the Danta porphy- to the porph3nies of Danta and Sindret with 
which they are contiguous. 

Measurements by the Federov stage of the composition of four 
felspar individuals, twinned according to the Carlsbad and albite 
^ ,,, laws, in a felspar-porphyry (36/167, 17136) from 

two miles S. S. E. of Undwaria give the rela- 
tively acidic composition of 2 per cent. An.^ A fair amount of epi- 
dotc occurs in certain of the felspar phenocrysts. This, combined 
with the low anorthite percentage, would suggest that the felspars 
were originally more basic than at present. The specimen contains 
abundant chalcedony and also shows myrmekitic rims of various 
kinds {see pp. 119-120) around the periphery of certain orthoclase 
crystals. 

Chalcedony was noted in a specimen (36/143, 17124) from half a 
mile north-west of the small village of Adli. Its masses are mostly 
Chalced aggregated around the edges of corroded 

quartz phenocrysts and to a lesser extent 
around orthoclase and even plagioclase crjTstals. The fine-grained 
groundmass contains a certain amount of chalcedony but is mostly 
felspathic material and quartz. A specimen (36/142, 17123) from 
near the above locality possesses remarkably corroded phenocrysts 
of quartz and felspar. 

Chalcedony is abundant as rims roimd quartz crystals in a spec- 
imen (36/134, 17116) from half a mile south of Karara; but it also 
occurs as a rim around graphic aggregates of quartz and orthoclase. 
This section (17116) shows some remarkable structures. In certain 
cases, orthoclase crystals, with perthitic intergrowths of ? albite 
felspar, associated with quartz crystals, ere surrounded by graphic 


^ If the individualB be Nos. 1 to 4, then Nos. 1 and 2 are twinned according to the 
Carlsbad law and Noe. 3 and 4 likewise : but No. 2 stands in the position of albite twinn- 
ing with No. 3 and No. 1 stands in the same relationship to No. 4. Thus Nos. 1 and 3 
stand in the position of the complex albite-Oarlsbad with respect to each other ae also do 
Nos. 2 and 4. A study of the syn^metry of the individuals projected ± [001] will make 
this clear. 
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intergrowths of quartz and ortlLoclase and the whole encircled by a 
glassy, merging into a ? chalcedonic rim. It would appear that 
after the formation of the rock with its original quartz and ortho- 
olase (with perthite) phenocrysts, set in a toe-grained groundmass, 
there was resolution of both orthoclase and quartz and part of the 
groundmass ; on recrystallisation, the solute was deposited as (i 
graphic intergrowth in eutectic proportions. Conditions were later 
favourable to the deposition of chalcedony, the silica being d<‘rived 
either from the rock itself or from infiltrated siliceous solutions. 

The groundmass of a specimen (36/136, 17117) from IJ miles 

north-east of Sanwara is largely chalcedouised. The slide shows 

^ ^ , a fair amount of calcitc. Large comi) 08 ite 

Composite felspars. . , . , i i • 

felspar phenocrysts were noted in specimens 

from three miles west of Isri (36/136, 17116) and three-quarters of a 
mile north-west of Adli (36/144, 17126). The former specimen con- 
tains abundant hornblende. The orthoclase phenocrysts in a por- 
phyry (36/129, 17111) from 2^ miles east of Mera contain abundant 
coarse perthitic intergrowths of acidic plagioclase felspar. 

A porphyry (36/139, 17120) from three-quarters of a mile E. N. E. 
of Undwaria possesses abundant remarkable fine-grained graphic 
intergrowths of quartz and felspar. The reg- 
iflio p!»rplyriefl! ularity and intricacy of certain of these inter- 

growths gives designs of intrinsic beauty. 
Most of the granite occurring north-east of Undwaria is porphyritic, 
in nature ; some of it is best termed a porphyry as, e,g,, a specimen 
(36/141, 17122) from 2^ miles north-east of the village. 

The specific gravity of a specimen (36/137, 17118) from half a mile 
north of Undwaria is 2*69. This rock resembles a specimen (21219) 
from near Karara, both being more microgranites than porphyries. 

As will be seen later, rocks of this nature, 
are common in other parts of the State. 


Micrognmites. 


Other Occarrences on Sheet 95. 

There are numerous occurrences of porphyry rocks on sheet 95 
apart from those cropping out in the vicinity of Danta and Sindret. 

Most of them have a general N.-S. trend, at 
times, however, rather more N.N.E.-^S.S.W. 
The strike of these rocks makes a small angle with the general 
foliation of the Aiavallis. It is totally difieient 
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from the strike of the Danta and the Undwaria poiphjrries which, 
as noted previously, varies from 110^ to 136° (W. N. W.-E. S. B. to 
N. W.^. E.). 

The characteristic Malani hyi)abysBal rock on sheet 96 varies 

from a microgranite to a granite-porphyry. True felspar-porphyries 

^ ^ and quartz-porphwies occur as well but thev 

Commoneit types. r r j 

are not so common as microgranites. 

The porphyritic Idar granites of the Siloi area are accompanied 
by hypabyssal rocks finer in grain. The irregular though sharp 
nature of the junction between one of these 
quartz-porphyries (42/269, 21176) and the 

Erinpura granite which it intrudes two miles S. S. W. of the village is 
shown in figure 2 on Plate 3. The chilled margin of this porphyry 
(42/276, 21183) is much finer-grained than the main rock. What 
appear to be large fibres of chalcedony are developed around a 
quartz crystal in a section of the chilled edge of a j>oq)hyry (42/286, 
21188) from Jj miles in the same direction from the village; this 
mineral can bo seen in the groundmass. 

Chalcedony is developed in these Siloi rocks in the same forms 
already noted for the Danta and Undwaria porphyries. Thus rims 
of that mineral surround quartz and felspar phenocrysts in a por- 
phyry from three-quarters of a mile west of Dodia (north of Siloi). 
Again beautiful and iiitriiate micrographic intergrowths of quartz 
and orthoclase are couspicuously develoi)ed in porphyries from just 
west (42/268, 21175), and from three-quarters of a mile south-west 
of Siloi (42/273, 21180) ; the former contains abundant biotite. 

Composite felspar phenocrysts and groundmasses with graphic 
structure were noticed in sections of porphyries from localities to 
the north and south of Siloi, viz., 1| miles south-west of Pardi (42/286, 
21195); and 4 miles N. N. E. of^Bilangri (42/270, 21177). 

As a rule these porphyries contain but few ferromagnesian mine- 
rals except those due to alteration (chlorite, epidote, etc.). Biotite 
does occasionally occur in the coarser-grained varieties ; hornblende 
is also found in very small prisms or microlites (42/272, 21179). It 
is at times exceedingly diflicult to state with certainty whether the 
very fine-grained ferromagnesian material is hornblende or biotite. 

A chloritic mica was noted in a porphyry (42/266, 21171) from 
three miles north-east of Kalandari. Abundant light greenish-brown 
biotite occurs in a porphyry (42/268, 21175) from just west of Siloi 
and in another (42/223, 21126) from just south-east of Kuma. A 
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Siankra. 


specimen (42/259, 21165) from 1^ miles north of Sarthara shows very 
dark reddish-brown biotite. 

Mention has already been made of the felspar-porphyry dyke 
one mile N. N. E. of Bilangri (see p. 99) wMch intrudes, and 
contains fragments of, basaltic dykes (21221) which themselves 
j j . intrude Erinpura granite. The felspar-porphyry 

* (42/306, 21222), as will be seen from figure 1 of 

Plate 2, also intrudes the Erinpura granite. A section (21220) of 
the junction between these shows the narrowness of the chilled 
margin of the porphyry. 

Porphyry dykes are common in the area south-east, south and 
south-west of Siankra, cutting Aravalli schists and Erinpura granite. 

Typical specimens from three miles 8. S. E. 
of Siankra (42/220, 21122) and 2J miles E. S. E. 
(42/222, 21124) and half a mile S. S. W. (42/217, 21118) of the same 
village show corroded phenocrysts of quartz and felspar, set in a 
chalcedonic and micrographic groundmass. These porphju’ies arc 
rather more acidic than those previously described, containing as a 
rule more and larger phenocryste of quartz than of felspar, and few 
ferromagnesian minerals. South-west of Siankra, they grade into 
extremely quartzose rocks recalling the reef-quartz pegmatites of 
the Erinpura granite, than which, of course, they are much younger. 
They also grade into normal granite- and felspar-porphyri«‘,s, to 
which they have been similarly coloured on the one-inch sheets. 
The quartzose rocks are very brecciated as, e.g., in a specimen 
(42/201, 21100) from two miles S. S. E. of Sanpura, an adjacent 
village. They occur in Erinpura granite, cutting it and the pm- 
Malani basic dykes which also intrude the granite. A diagrammatic 
sketch of the relations of the southward continuation of the quartz 
porphyry dyke (42/202, 21101) cutting the granite of hill station 
1,287 feet has already been given {see Fig. 7, p. 97). There seems 
but little doubt that these Siankra porphyries were derived from an 
acidic differentiate of the cooling magma which gave rise to the Idar 
granite. 

Accessory minerals are not common in all the above-described 
porphyries of sheet 95. Iron-ore occurs but is not very abundant. 

, . Apatite is rare. Sphene was noted in a spec- 

imen (42/273, 21180) from three-quarters of a 
mile south-west of Siloi. Most accessory minerals were noted in those 
poiphyries with composite felspar phenoor3mtB. 


Accettorkt. 
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DantraL 


Other Occurrences on Sheet 96. 

In the extreme north-western comer of the sheet, a small series 
of porphyries, somewhat reminiscent of the occurrences at Panta 
and Undwaria, are associated with the por> 
ph}nitio Idar granite of Nandwar Hill, of which 
they are the hypabyssal equivalent. These porphyries resemble the 
others mineralogically. Thus specimens &om three miles W. N. W. 
of Dantrai (42/197, 21094) and from Hami (42/198, 21095) contain 
large pink crystals of orthoclase felspar with small ones of quartz 
set in a fine-grained groundmass, at times micrographic and chal- 
cedonic. 

A porphyry (42/207, 21107) from half a 
mile south of Uchmat in Jodhpur (sheet 75), 
which is related to the Dantrai series, contains abundant biotite. 

An approximately N.-S. trending series of dykes crops out in 
the neighbourhood of the villages of Sanwara and Sirori. Spec- 
imens from Sanwara village (20897) and from 
sanwara. ^ . 42/315, 21231) 

contain sufficient large flakes of biotite to warrant these rocks being 
termed granite-porphyries. 

Porphyries from one mile north-east of the small village of Son- 
gali (17023) and three-quarters of a mile in the same direction 
(36/813, 17624) show resemblances to the Und- 
waria series to the north. There are many 
small intrusive dykes in this vicinity cutting the Aravalli phyllites. 


Uchmat. 


Songall. 


Pegmatite accompanying the Idar Granite. 

One of the most characteristic differences between the Idar and 
Erinpura granites is the great amoimt of pegmatite which accom- 
- ,, , panied the latter, whilst the Idar granite was 

conspicuously free from such acidic different- 
iation products. This may be accounted for by the following 
considerations. Firstly, whilst the parent reservoir supi lying the 
magmas responsible for the formation of the- various intrusive 
masses of Idar granite and its associated extrusive rocks was un- 
doubtedly large, yet its size must have been much smaller than that 
of the reservoir responsible for the Erinpura granite. Thus given 
similar conditions of ciystallisation which allowed differentiation 
to take place, one would expect the amount of pegmatite accom- 
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panjnng the Erinpura granite to be larger than that accompanying 
the Idar granite. 

Secondly, the Erinpura granite undoubtedly crystallised out very 
slowly from its magma undfu* a thick superincumbent layer of sedi- 
ments, Aravallis and Delhis. The Idar magma was not so deep- 
seated, and great quantities of the probably already slightly amdic 
upper ])ortion reached the surface in the form of extrusive lavas, 
whilst large amounts escaped along the tensional cracks formed 
during its cooling. The remnants of the magma under the congealed 
naass of lavas cooled more quickly than did the Erinpura granite. 
Accordingly it is not to be wondered at that the Idar granite is far 
freer from pegmatite than its predecessor. 

The pegmatite associated with the Idar granite is in the form 
of quartz-veins, sometimes a few inches in thickness but generally 
Ouarte veina. much narrower. It is only very exceptionally 

indeed that the size of these quartz-veins 
approaches that of the reef-quartz pegmatites which accompanied 
the Erinpura granite. The largest such example was noted at the 
northern end of hill station 1,055 feet, one mile W. S. W. of Angor 
(sheet 95). Ramifying veins from this mass penetrate the pink 
granite forming the main mass of the hill. 

Small veins of white reef-quartz were noted frequently in Malani 
porphyries but it was very seldom that these veins penetrated the 
basement Aravalli phyllites or schists. 

Middlemiss has noted the possibility of (certain reef -quartz vems 
in Idar State being the ultra-acidic differentiation product of the 
Idar granite,^ and Dr. A. M. Heron has described very large reefs 
of quartz in the Idar granite near Raona and Pipar in Jodhpur.® 


1 Mem. QeU. 8urv. Ind., XLTV, p. 131, (1921). 
^JUc. Oeol. Sure. Ind., LXV, Ft. 4, p. 470, (1032). 
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MALANI SYSTEM- ooiic/ifrfetf. 


VOLCANIC ROCKS : RHYOUTES AND DELLENIl'BS. 

Volcanic rocks of Malani age occur in Sirohi 
State in the following areas : — 

1. Jharoli-Ban area (sheet 94). 

2. Ora-Pardi area (sheets 94 and 96). 

3. Pamta Hill, Sindret (sheet 96). 

4. Mirpur-Undwaria area (sheets 95 and 9C). 


OccurreiKC. 


Jhardi-Ban Area (Sheet 94). 

A brief description of the rhyolites of this area is given in the 
General Report of the Geological Survey of India for 1926.’ They 
were mapped by Hacket and wrongly c4)lonTed 
as Aravallis by I.a Touche in his map of 
Western Rajputana.® There is no doubt that these rhyolites, assoc- 
iated with a granite corresponding in age to the Jalor and Siwana 
granites of La Touche, are similar in age to the Malani rhyolites of 
Western Rajputana. They overlie Aravalli shales and slates 
miles north-west of the village of Mosal. They are not seen in 
actual contact with the Idar granite of Ban in this region, being 
separated from it by a rock best termed a granite-porphyry, which 
represents a chilled border facies of the !]^u granite. There is, 
however, but little difference in age. between the granite and the 
rhyolites, the consanguinity of which is discussed later (.vcc pp. 139- 
140). 

A black rhyolitic tuff (36/64, 17022) appears to overlie the Idar 
granite forming the hill a little to the south of 
Andor. A thin section (17022) of this rock 
is inconclusive, but in the held, fragments of slates, reef-quartz, 
shales, etc., were seen in a fine-grained siliceous groimdmass. 

Contrast in irrntlir r contrast between the smooth roimded 

ing of granite and riiy- hills of granite and the rugged jointed hills 
of rhyolite has already been noted (p. 106). 


Andor. 


oHte. 


‘ Jt«c. aeoL 8«rv. Ini., LX, pp. 113-114, (19»). 

* Jrom. CM. am. Ini., XXXT, Pt. 1, Mop, (1902). 

( 129 ) 
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The lavas possess the same general characteristics noted by 
La Touche.^ Their colour varies from black to red, brown, green 
and even white. The predominant colours in 
erstesrare*”** “***®“* the vicinity of Jharoh and Ban are dark- 
brown to red and are due to the presence of 
oxides of iron. Flow structure and banding are common, but perlitic 
textures are much rarer here than in the case of the Pamta Hill and 
Undwaria rhyolites. The rocks are extremely siliceous and in most 
cases the original glass has devitrihed to an extremely fine-grained 
siliceous mass. TuiSs are not as common hero as in the occurrences 
in other parts of the State. With one exception, no actual pipes or 
vents were noted in the Jharoli-Ban area ; and it seems probable that 
the lavas here flowed to the north-west when the roof of Aravalli 
&ales and slates overlying the intrusive Idar granite® gave way in 
consequence of the pressure accompanying, or caused by, the intrus- 
ion. However, a very agglomeratic facies was noted in the hills 
four miles west of Jogipura. It is probable that this is on the site 
of a subsidiary pipe or vent where the extrusion of the lavas was 
violent in nature. As will be seen later (see pp. 139-140), it is 
believed that the Ora-Pardi rhyolites were extruded from an in- 
dependent vent, trending N,-S., south-west of the Ban granitic 
massif. 

The analysis by Mous. F. Baoult of a specimen (36/65, 17033) 
from three miles W. N. W. of Alpa has been given m Table Vll 
(p. 117), together with Osonn’s average of 64 
Analyses. liparites, including 40 rhyolites for purposes 

of comparison. A study of the figures in that 
table will show that the Alpa rhyolite is slightly more acidic than the 
average rhyolite. Mr. L. R. Sharma, however, determined the 
silica percentage in a black rhyolite (36/57, 17025) from half a mile 
south of Talaita as 71'35. The pjrcentages of the remaining constitu- 
ent oxides are very comparable. 

The specific gravities of the Alpa specimen and of a rhyolite 
(36/58, 17027) from two miles S. S. E. of Talaita are 2*617 and 2*64 
„ respectively, which values agree with La 


1 Op. ciL, pp. 20-24. 

* oentire of the main granitio mass probably lies to the east of Ban^ but it is im* 
possible to state this with certainty. 

• Op. eiL, 79. 
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The analysed specimen (36/65, 17033) shows crystals of quartz, 
Orthoclase and acidic plagioclase set in a fine-grained groundmass 
composed of quartz, chalcedony, felspathic 
ner« presen . material and a little calcite which is the result 
of the deyitrification of the original siliceous glass. A little chlorite 
was noted. The spherules of chalcedony (see also 36/59, 17026) 
between crossed nicols show a cross which is parallel to the cross- 
wires and rotates with the rotation of the nicols.^ 


The fibres constituting the spherules generally have their elonga- 
tion parallel to a, the fastest ray. If the fibres were quartz, elon- 
gated parallel to the c axis, this ray would always be the slowest. 
The felspars show kaolinisation and sericitisation. A rough band- 
ing is visible in the section. 

Corrosion of quartz and felspar crystals may be seen in the section 
(17027) of the specimen (36/58) from two miles south-east of Talaita. 

Corrosion of pheno- La Touche noted that whilst quartz pheno- 
crysts were frequently corroded, the felspars 
as a rule did not show corrosion.^ 


The corrosion of felspars in felspar-porphyries, with the format- 
ion of a myrmekitic intergrowth of quartz and orthoclase, has 
already been noted {.,ee p. 119). Corrosion of felspar pheno- 
crysts was quite commonly noted (17027 ; 17032) in the Jharoli-Ban 
rhyolites. The number of phenocrysts varies largely but they are 
commonly plentiful, though not as plentiful as in the rhyolites of 
the Pamta Hill. A rhyolite (36/66, 17034) from 2J miles W. N. W. 
of Alpa showed very few. 

Inclusions of shales and other Axavalli rocks were conomonly 
noticed in the rhyolites of the Jharoli-Ban area. Specimens from 
half a mile south of Talaita (36/57, 17025), 
Inclusions. miles S. S. W. of the same village 

(36/59, 17026), from one mile north of Las (36/62, 17030), and 
from 2| miles E. N. E. of Jharoli (17032) show these under the 
microscope. 


No dellenitct. 


No equivalents of the dellenites of Pamta 
Hill occur in the Jharoli-Ban area. 


‘ Su previovB notes for the hypabyssol rooks (pp. 120-121). Also O. MOggo, 
‘ Risaabosoh’s Mikroskopisohe Physiogtaphie dw petronaphisohe iriohtigen Mineralien’, 
Stuttgart, I, Pt. 2, p. 106, (1927) ; and T. B. D. La Tonohe, op. eit., p. 87. 

*Op. cit., pp. 79-82. 
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Ora-Pardi Area (Sheets 94 and 95). 

The rhyolites forming the hills in the vicinity of Ora (sheet 94) 
are largely chloiitised and consequently have a distinctly gre^iish 
Chanicterittic green* colour. A specimen (36/56, 17024) from one 
Ish eDfonr. nuJe south of the village shows abundant corr- 

oded phenocr)rsts of quartz, with fewer of plagioclase and ortho- 
clase, set in a finely crystalline groundmass, scattered throu^ which 
are flakes of varying size of a chloritic mineral. This specimen is 
less altered than those from near the village. 

There are several isolated hills of greater or lesser size almost 
due south of the Ora rhyolites and lying along the same general 
north and south line. The largest of these 
ccurrencesnear ar . peak, 990 feet in elevation, miles 

north-east of Pardi (sheet 95). The rock forming this hill (42/281, 
21189) has a specific gravity of 2-69 and contains abundant corroded 
quartz cr 3 mtals and inclusions of shales. The predominant colour 
of these rhyolites is green. 

The rhyolites of Ora and Pardi bear more resemblance to the 
diyolites of Pamta Hill than to those of the Jharoli-fian area. They 
lie along the same general north and soutli 
RcMmblaiice to Pamta line and were extruded in fissures formed at 
HJH rhyolUea. the same time as those responsible, for the 

rhyolites of Pamta Hill. Volcanic activity, 
however, ceased in the Ora-Pardi area before it dkl in the Pamta 
region, there being no representatives of the later dellenites so com- 
mon in that region and of the felspar-porphjTies of its vicinity. 


Pamta Hill, Sindret (Sheet 95). 

A reference to the geological sketch map of the area (sre Fig. 9 
(Ml p. 116) wiU show that Pamta Hill is composed chiefly of 
rhyolites and dellenites. Part of the northern 
ec map. extension of the hill has been omitted from 
Figure 9 for reasons of limitation of space ; this northern part may 
be seen , on the smaller scale map forming Plate 12 of this memoir. 

The rhyolites occur mainly at the southern and northern extremi- 
ties of the hill. They appear to have been the first phase of volcanic 
activity, the more basic dellenitee overlying 
tihem in suck sections as are visiMe in tihe 
field. 


RbyoMci. 



MALANI SYSTEM : VOLCANIC ROCKS. 


133 


The Pwita rhyolites are generally green in colour, in strong 

contrast to the general reddish tints of the dellenites. Those near 

^ ^ , Varela show pillow or spheroidal weathering 

Petrological note*. , ^ i* a n* i 

and appear to overlie Aravalli rocks uncon- 

formably. In the northern part of the range, west of Khomal, they 

weather so as to appear at a first glance like conglomerates. They 

thus resemble the nodular rhyolites on the southern slopes of Mynydd- 

y-Gader in Wales. ^ These nodular rhyolites form steep hills, whereas 

the usual varieties foun<l in the southern part of the hill form more 

rounded hills. 

A specimen of th<* spheroidally weathering rhyolite from the 
deserted village of Varela (36/124, 17105) contains abundant quartz 
and sericitised orthoclase crystals in a devit- 
rified groundmass. The rock is especially in- 
teresting in containing large flakes of a mica, W'eakly ])leochroic from 
light greenish blue to colourless, with abundant iron-ore inclusions, 
and also compo8it<‘ masses of ? iron-ore. The mica does not appear 
to be secondary in nature. It is interesting to note that La Touche 
found brown mica in a tuff (11/500) from Jodhpur State and stated 
that this was the sole instance in whi(*h he found this mineral assoc- 
iated with any of the Malani rhyolites. ^ 

A specimen (3GM23, 17104) from half a mile south of the same 
village (Varela) appears in the field to be a more or less inter- 

mediate in character between a granite and a 
Varying types of rhy- rhyolite ; this is borne out by tlic thin section. 
^ Another (36/122, 17103) from half a mile north 

of the village has the nature of a pumice or vesicular rhyolite. An 
adjacent specimen (36/125, 17106) contains very abundant quartz 
phenocrysts, with few of orthoclase. set in a very fiiie-giained devitri- 
fied groundmass. A devitrifiod rhyolite (36/121, 17102) from Ij 
miles south-west of Siiidrot, which is intrudetl by a porphyry (36/120, 
17101) regarded as probably being one plug from w^hich the dellenites 
were extruded, is of normal type but with a coarser-grained ground- 
mass than usual. It resembles a specimen (36/100, 17079) from an 
outUer, half a mile south-west of the village. 

Nodular rhyolites were collected in the northern part of tlic 


Pamta Hill from the summit of hill station 1,295 feet, miles iiorth- 


Nainlar HiyoNtcs. 


west of Khomal (42/291-293. 21199-21201); 

three-quarters of a mile W. N. W. (42/296, 


1 P. Lake and S. H. Reynolds, Q. J. G. .ST., LXVIII. pp. 359-360, (1912). 
•Mem. Geci. Swrv. Ind., XXXV, p. 89, (1902). 
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21204) ; one mile west (42/298, 21206) ; and the same distance south- 
west of the village (42/299, 21208). The specific gravities of 42/292 
and 42/293 were 2*65 and 2*64 respectively. Examination under the 
microscope shows many traces of perlitic structure, partly obliterated 
by the processes of devitrification and alteration. One specimen 
(42/292, 21200) shows abundant secondary caloite and a fair number 
of felspar phenocrysts. Another (42/293, 21201) contains a moderate 
quantity of a dark red-brown mica, some of which at least appears 
to be primary: third (42/296, 21204) contains possible inclusions 
of shale. The phenocrysts of orthoclase and quartz were in most 
cases very corroded. The specimens appeared distinctly conglom- 
eratio in the field. 

Beference may again be made to Figure 9 on page 116 which shows 
Ihe distribution of the dellenites which overlie the rhyolites. They 
DeUenltes unconformably overlie the basal Aravalli 

shales and contemporaneous volcanics of this 
neighbourhood, the basal rock of the dellenites in these cases usually 
weathering in a characteristically rotmded fashion. Apart from 
these basal members, the dellenites usually weather angularly to 
form steep-sided hills. The peaks of 2,063 feet and 1,961 feet stand 
some 900 feet higher than the general elevation of the surrounding 
country. 

It will be remembered that the plagioclase felspars of the por- 
ph 3 ^es usually have a composition of about 33 per cent. An, though 
/. lu « « I. acidic plagioclase is found. The follow- 

ompot ono cbpan. description of some results obtained 

by the Federov stage will indicate the similar composition of the 
plagioclase in the dellenites. 

An albite-Ala B complex in a specimen (36/99, 17078 ; specific 
gravity, 2*64) from one mile W. 8. W. of Sindxet has a composition 
of 33 per cent. An.^ Another specimen (36/119, 17100), collected 
from the top of hill station 1,961 feet, west of Sindret, contains two 
individuals of compositions 33 and 42 per cent. An, which are in 
the position of the complex albite-Ala B. The second individual 
conti^ a few pericline lamellae too small for the determination of 
their composition.* This complex is adjacent to an albite-pericline 
combination, all the individuals of which have a composition of 33 
per cent. An. A third specimen (36/115, 17096) from the top of 

•A L. Oonlton, Bte. OtO. Sun. Ind., LXV, pp. 173, 181, (1031). 

* A L. Oonkon, op, eft., p. 107. 
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Pamta Hill, 1 J mileB norlh-west of Sindret, contains an albite-Ala B 
complex with individuals of composition 33 per cent. An.^ As has 
been suggested elsewhere by the author,® 30-36 per cent. An appears 
to be favourable for the formation of the complex albite-Ala B, at 
least in volcanic and hypabyssal rocks, though it is not suggested 
that albite-Ala B complexes of this and other compositions are re- 
stricted to volcanic and hypabyssal rocks. 

■ An analysis by Mons. F. Baoult of a dellenite (36/119, 17100 ; 
specific gravity, 2*642) fr m the top of hill station 1,961 feet west of 
Sindiet, has been given in Table VII on page 
^ ’ 117. The name dellenite is synonymous with 

the names quartz-trachy-andesitc and quaxtz-latite.® The term tos- 
canite has been used by Washington for a variety of quartz-trachy- 
andesite.* It will be seen from a comparison of the figures in Table 
VII that the Sindret specimen closely resembles in composition the 
quartz-trachy-andesite from Porobbo, Toba Lake, Sumatra, analysed 
by Ilcrz, and also the quartz-felspar-porphyry from one mile north 
of Danta, Sirohi State, analysed by Mons. F. Baoult.® These all are 
distinctly more basic than the rhyolite from three miles W. N. W. of 
Alpa which cannot differ largely in composition from the rhyolites 
of Pamta Hill. 

The following brief description of the mineralogical characters 
of certain specimens gives added weight to the designation of these 

Minerals prmnt. rocks as dellenites (or quartz-trachy-andesites). 

The spheroidally weathering dellenites found at the base of the 
hill and overlying the Aravalli rocks show the effects of palag- 
Spheroldally weather- onitisation and other alteration processes, 
Ing dellenites. They also appear to be partly tuffaceous in 

nature. Thus a specimen (36/109, 17088) from IJ miles south-west 
of Khomal contains abimdant angular and corroded fragments of 
quartz with less frequent orthoclase and plagioclase crystals, set in 
a groundmass consisting of fine-grained silica and palagonitisation 

^ A. L. Coulson, op. cit., liMg. 3 and the full description on pp. 179-J80. 

» Op. cit., p. 183. 

* A. Holmes, ‘ The Nomenclature of Petrol^ London, p. 7C, (1920), 

The name dellenite is in common use in Baris and other continental cities where the 
petrdlc^oal oharsetors of these rocks were studied. It has been used in the author’s 
previous papers and accordingly, to avoid confusion, it has been decided not to alter 
it to the more common quartz-trachy-andesite. 

* A. Holmes, op. ek., p. 227. 

* Useful oompariaon mw also be made with the two analyses of toeoanitM from the 
Lilydale Devonian series of Victoria given by 8. Summers, JVoc. Boif. 8oc. Yicl,, XXVI, 
(N. S.), p. 284, (1014). 
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products, mostly ? delessite and calcite. Belies of spheroidal stxuct* 
nre can be seen in the section. Sphene is fairly abundant. A 
near-by specimen 17090) also contains several idiomorphic 

sphenes and a small ? sircon crystal. There is possibly a small 
amount of bluish celadonite^ in this section. A third specimen 
(36/116, 17097) from one mile north-west of Sindret contains a little 
apatite. A fourth (42/300, 21209 ; specific gravity, 2*66) from 

miles south-west of Khomal resembles the specimens previously 
described and also contains a peculiar dark-brown to black mineral 
of doubtful optical character. 

A specimen (42/297, 21205) from three-quarters of a mile \V. N. 
W. of Khomal was taken from the base of the dellenites where the^ 
overlie and metamorphose the lower rhyolites 
BsmI (teUnite over- (42/296, 21204). This contains abundant 

lyhis rhyo itee. orthoclase and quartz set in a reddish glass, 

not yet totally devitrified. Another basal specimen (36/117, 17098) 
was collected from half a mile west of Sindret. 

The normal upper dellenites (36/99, 17078 ; 36/107, 17086; 
36/115, 17096 ; 36/119, 17100; 42/294, 21202) typically contain 

phenocrysts of quartz, orthoclase, at times 
Upper dellenites. ^ . ^, .. . ^ , i • i . 

microperthitic, and plagioclase of approx- 
imately 33 per cent. An, all occasionally corroded, set in a devitrified 
groundmass. The original ferromagnesian mineral was almost cer- 
tainly hornblende, but it is generally completely altered to chloritic 
products and epidotic and zoisitic minerals. The felspars arc kaoJ- 
inised and sericitised and it is possible that the plagioclases were in 
some cases more basic than at present. Secondary calcite is com- 
mon.* Iron-ore is a frequent accessory; less common are apatite 
(17080 ; 17096), sphone (17100) and zircon (17100). 

„ ,, The specific gravity of the delleuites varies 

Specific gravity. ^.go (42/294) to 2-71 (36/107). The 

average specific gravity of six specimens is 2*66. 


Mirpur-Undwaria Area (Sheets 95 and 96). 

Rhyolites are the sole volcanic rocks found in this area. They 
resemble those of Pamta Hill and the Ora-Pardi area more than 
the rhyolites of the Jharoii-£an ares. The 
main occurrence lies to the south of, and 


Rhyolites. 


1 L. L. Femor Rcc. Otol. Snrv. Ind., LVIIl, p. 144, (1926). 
* A. L. Ooulson, Bee, Choi, Surv, Ind,, LXV, p. 183, (1931). 
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along, the same general line as the two first oconrrences. It stretches 
southwards iErom one mile south of Mirpur (sheet 96) to If miles 
IS. N. E. of Undwaria (sheet 96), a total distance of some 3^ miles. 
Its usual width is about half a mile. Other isolated occurrences 
lie miles N. N. E., IJ miles north-east, IJ miles south-east, 
and miles S. S. E. of Undwaria ; and half a mile north-west of 
Adli. 

Specimens (36/112-114, 17112-17114) from two miles east of 
Mera, in the chief occurrence* mentioned above, show relics of a 
spherulitic structure in a totally devitrified fine-grained groundmass. 

„ . , , , . Fragments of shale and flow structure are 

common (17113) and certam specunens are dis- 
tinctly tuffaceous (17114), The number of quartz and orthoclase 
phenocrysts varies ; they are frequently corroded. The isolated 
outcrop some 2^ miles N. N. E. of Undwaria is also distinctly tuff- 
aceous (36/140, 17121). The small outcrop IJ miles south-east of 
the last village is composed of a rhyolite (36/154, 17132) showing flow’ 
structure around corroded crystals of quartz and felspar. 


The Interrelationship between the Malani Rocks of Sirohi State 
and their Correlation with Representatives in other Areas. 


In Figure 10, which follows, the percentages of the constituent 
oxides of the following rocks, analyses of which by Mons. F. Raoult 
have been given in Table VII (.see p. 117), have 
been plotted as ordinates against the respective 
silica percentages as absciss® : — 


Variation diagram. 


36/97. Quartz-felspar-porphyry, one mile north-west of Danta 
(sheet 96). 

36/119. Dellenite, top of hill station 1,961 feet,* one mile north- 
west of Sindret. 

36/128. Potash-granite, foot of hill station 2,181 feet, one mile 
south-east of Mirpur (sheet 96). 

36/66. Banded rhyolite, three miles W. N. W. of Alpa (sheet 94). 

36/60. Potash-granite, Ban (8heet]^94). 

L 
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The percentage plotted is the actual figure letf 8 per 

cent. The plotted le 0 percent^e represents the total iron content 
calculated as that oxide. 


1 1 


53 9 


MSI ^ 

li 1 



SILICA percentages 

Fra. 10.— Variation showing the Teriatioain the percentages of the constituent 

oxides of the Malani rocks of Sirohi State. 


It will be seen that ii a mean figure be taken for the percentages 
of the constituent oxides in the Mirpur potash-granite and liie Alpa 
rhyolite, the resultant variation diagram wiD 
ConchMioni from var- show much less discordance than that illus- 
Utlon dl«sr«<n* ^ Kgure 10. The silica percentages of 

these rooks are so nearly alike that steep variation lines must result 
through any difference in percentage of the oonstituent oxides. If, 
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alternatively one omits entirely the results of the analysis of the 
rhyolite and, as has been done in Figure 10, joins the percentages 6f 
the (constituent oxides of the Mirpur pot ash- granite with dotted 
lines directly to those of the Ban potash-granite, the variation lines 
flatten out remarkably well and the relationship between these 
Malani rocks can clearly be seen. 

The only other analysis of a Malani rcK*k is that by the author’s 
colleague, Dr. W. A. K. Christie, of the Kawa hornblende-granite 
from Idar State already cited in Table VI {see p. 107). This is more 
basic than any of the Sirohi rocks, but by extending the variation 
diagram in Figure 10, it was found that there is also a distinct relation- 
ship between this type Tdar rock and the Sirohi representatives. 

It is considered that the Nandwar, Ban and Isii plutonic masses 
were intruded at the same time as the Idar granite in Idar State 

Intrusion of granite (Jalor and Siwana) granites in 

and extrusion of vol- Jodhpur. The intrusion in Sirohi State 
canic rocks. appears generally to have been accompanied 

by, or alternatively was a consequence of, considerable earth move- 
ments. Thfi Ban massif was more probably quietly intruded, gently 
stoping its w'ay through the superincumbent strata, which at last, 
however, gave way with the resultant outpouring of the Jharoli- 
Ban rhyolites to the north-west and north. Probably a subsidiary, 
N.-S. fissure, running north from the main mass of granitic magma, 
was formed at the sanu* time. The outlets were soon choked by the 
congealing lavas and the granitic magma cooled slowly. 

Meanwhile the Isri granitic magma had found a relatively easy 
path chiefly at or near the junction of the Aravallis with the Exinpuia 
granite forming the Abu massif This junction had almost certainly 
been a plane of movement at the time of the earth movements which 
accompanied the intrusion of the Erinpura granite (see p. 

The Isri magma sloped its w^ay quietly into both Erinpura granite 
and Aravallis, but later movement occurred, mostly along or parallel 
to the old jimction line of these rcK'ks, which is approximately N.~S. 
in these parts, wdth the resultant outpouiing of ‘ the Ora-Pardi. 
Pamta Hill and Mirpur-Undwaria rhyolitic lavas. 

Considering the grapitic magmas which on cooling formed the 
granites of Nandw^ar Hill and the Sunda hills, there is an absence of 
any evidence denoting movement at the same time as the formation 
of the Jharoli-Ban rhyolites or of those in the Ora-Pardi, Pamta Hill 
and Mirpur-Undwaria are^ 
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It is necessary, however, to postulate the formation of another 
series of vents or oraoks later tiian those responsible for the extrusion 
of the rhyolitic lavas. These later cracks were 
sb^MS’rocitt, doubt tensional, formed as a consequence 

of the strains set up by the cooling of the 
magmas which now form the Isri, Nandwar Hill and the Sunda hills 
outcrops of Idar granite. As a rule they trend N.N.E.-S.S.W., 
making a small angle with the general direction of foliation of the 
Aravallis and the direction of the rhyolitic vents. The cracks were 
filled with material which, on cooling, gave rise to the porphyritic 
gramtes and the various porphyries on sheets 95 and 96. Near 
Danta, which is near the main mass of the Isri magma, the general 
direction of the porphyries filling the cracks is 110°-290® (W.N.W.- 
E.SJ!.). Near Undwaiia, which is likewise near the Isri magma, 
the direction is N.W.-S.E. 


It is highly improbable, however, that the material which filled 
these cracks ever reached the surface. This point is also brought 
out by Middlemiss writing of the Idar porph 3 n’y ; — ^ 

As the very s imil a r granites of Siwana and Jalor are considered by La Touche 
to be generally equivalent in age to a large portion of the Malani rhyolite series it 
may well be that the quartz-porphyries of Idar are a petrological connecting link 
^tween a granite of the Idar, 8iwana and Jalor types and the bedded Malani rhyo- 
lite flows. I do not mean that the Idar porphyry was the actual vent rock of the 
rhyolites as now exposed in Western Bajputana, but that they constitute vents 
of a sunilar related material that further north became extrusive as the acid Malani 
flows.’ 


Beference has been made (p. 103) to the widespread occurrence 
of rocks of Malani age. Blanford gave the name ‘ Malani beds ’ to 
the volcardc rocks in the district of Jodhpur 
bearing that name.* Hacket* described certain 
exposures and McMahon^ compared the 
Malanis with the felsites of Tusham Hill in the Hissar district of the 
Punjab,® which seem to be the most easterly exposures of Malani 
rocks. La Touche® noted that Malani lavas extend at intervals for 
146 miles west from Jodhpur, and from Pokaran in the north to 
Jalor in the south, a distance of 120 miles. 


^ Mem, Oed. Sure, Ind., XLIV, p. 129, (1921). See also Aec. Otol Surv, lnd„ LXV, 
p* 

• W. T. BUmfoed, Aee. CM. 8wv. Ind.. X, p. 17, (1877). 

» 0. A. Backet, HM,, XIV, p. 802. (1881). 

« Bee. GeoiSwv. Ind., XIX, p. 161, (1886). B. D. Oldham, ibid., p. m. 

• Ibid„ XVn, p. 108, (1884). 

• Jfm. Qnot. Surv. Ind., XXXV, pp. 21-22, (1602). 
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The present author’s work has extended the southern limit of 
these Yolcanios to Undwaria (sheet 96) in Sirohi; whilst in the field 
season 1930-31, Dr. A. M. Heron^ found rhyolites and tuffs at 
Biramsar and Bandisar in Bikaner, and at Lodsar and Taonra in 
Jodhpur, which lie between Tusham Hill and the northernmost 
exposures (near Pokaran) noted by La Touche. The Jhunjhunu 
exposures of Western Jaipur noted by Dr. Heron® elsewhere lie in a 
similar position. There are no outcrops between the Malanis of 
Tusham Hill and those of Kirana^ further north. 

The plutonic representatives of the Malanis were first noted by 
La Touche® at Jalor and Siwana in Jodhpur. Middlemiss’ Idar 
granite,® which name includes the above granites, is developed in 
force, together with a few hypabyssal representatives, in Idar State 
and in Sirohi. During the field season 1930-31, Dr. Heron® recog- 
nised a variety of Idar granite (with topaz) at Rewat near Degana 
and three miles south-east of Lodsar in Jodhpur, and at hill station 
1,238 feet, three miles east of Khuri in Bikaner. 

Boulders of Malani granites and rhyolites have long since been 
known in the Salt Range Boulder Bed."^ 

1 Rec, Oeol, Surv. Ind., LXVI, p. 132, (1932). 

* Ibid,, mV, p. 343, (1923). 

• A, M. Heron, Ree, Oeol Surv. lnd„ XLII, p. 234, (1913). 

* Mem. Oeol Surv. I fid., XXXV, pp. 24-25, (1902). 

‘ Mem. Oeol Surv. Itid., XUV, p. 115, (1923). 

• Rec. Oeol Surv. Ind., LXVI, pp. 131-133, (1932). Also see op. oil., XLIV, p. 26, 
(1914), and op. cii., XLVH, p. 26, (1916). 

’ C. S. Middlemiss, Rec, Oeol Surv. Ind., XXV, p. 20, (1892) ; E. Koken, Neueo 
Jahrb. f. Min., p. 454, (19(J7) ; F. R. C. Reed, G. de P. Cotter and H. M. Lahiri, Rec. Oeol. 
Surv. Ind., LXII, pp. 417-419, (1930). Tho Waloria granite referred to in the quoted 
note by the present author is now regarded by him as being a form of Ehinpura granite 
and so is not of Malani ago {see p. 66 of this memoir). 



CHAPTER XI. 

POSTaMALANl BASIC ROCKS. 

Altered Doierites occurring in the South-Western Part of 

Sirohi. 

The rooks described in this chapter belong to the last, or fourth, 
basic phase mentioned in the introductory discussion in Chapter II 
(see p. 14). Their chief occurrences are in the 
soutii-western corner of the State bordering 
Palanpur on sheet 97 ; they also occur in the north-eastern corner 
of sheet 77, the south-eastern corner of sheet 76, and the south- 
western corner of sheet 9G. Rgure 11 is a geological map of parts 
of these four sheets and shows the nature of the outcrops. 



Fiu. 11. — Geological map of parts of shoots 70, 77, 90 and 97, 8irohi and Palanpur 
States, showing the nature of the outcrops of post-Malani altered dolcritos. The long- 
itudes are those of the one-inch sheets. 


The general strike of these rocks is approximately E.— W. and 
is at all times oblique to the N.N.E.-S.S.W. to N.E.-S.W. strike 
StrliM Aravalli rooks in this region. South 

of Eapasia, however, their general trend is 
more E.N.B.-W.S.W. They have a definitely greenish appearance 
and on weathering form a thin crust of half to three-quarters of an 
inch thick. 


These basic rooks out Erinpura-granite pegmatite just east of 
PadsT (sheet 97) ; they are found intrusive into the Erinpura 


BvMencc of ago. 


granite fomung the flanks of Chotila Hill (2,755 
feet) east of Eapasia; and they out the por- 


( 142 ) 
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phyritio Idar granite south of Dewari (sheet 96). Thus there is 
no question that they are younger than the Malani rooks described 
in the previous chapters (Chapters Vlll to X). It is thought, 
however, that they are not much younger than these Malani rocks, 
as the B.-W. lines along which they occur are regarded as being 
related to the somewhat similar lines along which occur the felspar- 
porphyries of the Danta (sheet 95) and Undwaria (sheet 96) areas. 
In fact it is considered that the lines of weakness along which these 
basic rocks occur are allied to, and were probably formed at the 
same time as, the general E.— W. faults which have aftected the 


granite-porphyries and porphyritic Idar granites of Malani age, 

A typical specimen (36/798, 17607 A and B) of these post-Malani 
basic rooks from S.S.W. of Bhatana (sheet 96) has a speciiic gravity 


Minmb present. 


of 2*66 and consists of laths of felspar with 
abundant biotite and a little iron-ore and 


secondary calcite and epidote. 

B^eriments. were made by Boricky’s method for the determ- 
ination of the presence of sodium, calcium, etc. by 


Boriciqrb method. 


the shapes of the respective salts formed by 
these metals with hydrofluosilicic acid, in order 


to prove miorochemically that the felspars w^erc albitised. A small 


fragment of the rook (36/798) was ground uj) and cold dilute hydro- 


chloric acid was added in order to dissolve the calcite (cold so as 


not to attack the felspars). This was left overnight and then 
thoroughly washed and dried. A few grains of the dried powder 
were placed on a glass slide covered with Canada balsam which 
had been cooked to the requisite hardness and a drop of hydro- 
fluosilioic acid added. The slide was placed over water for a few 
minutes and then over sulphuric acid in a desiccator. When dry, 
the slide was examined with a microscope which had a glass cover- 
slip attached to the objective by means of a smear of glycerine (so 
as to protect the objective from the fumes of such hydrofluosilicic 
acid as remained). Practically the only crystals formed were cubes 
of potassium fluosilicate, chiefly with octahedral terminatious,* 


^ Boricky, ‘ Elemente oiner neaen ohemisch-mikroskopisolion Mineral-und Qestain- 
suntenuolitiiig*, Prague, (1877). 

A. SDohel L6vy, ‘ Les AUneraux des Roches*, Paris, I, pp. 12A125, (1888). 

GL Roeenbiisok and E. A. Wulfing, * Mihroskopisoho Physiographie der 
Mineralieii ^d Oestelne’, Stuttgart, I, Pt. 1, pp. 435^7, (1904). 

L. Qa3^uv, * Etude pdtrographiqne dee roohee sdJUmenteires’, M^moircs ^wur 
aervir d VtxpUcation dt la Carte gklogiqae de la France, Parsi, 

pp. 118, 130-131, 136-137, 148-09, 157-160, (1916). 

/e/. Ayeni, op. ck., pp. 180-131. 
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This method has been described in detail for the results were 
contrary to what was expected and it is difficult to account for 
them. One would conclude from the test that the felspars were 
not albitised, but this is contrary to the evidence of the thin section 
and also to the analysis of a similar rook given below. 

The results of an analysis by Mens. F. Raoult of a specimen 
( 36 / 799 , 21329 ) from two miles south-west of J&apasia (Palanpur 
^tate) are given in Table VIII, together wit5 
the average of seven analyses of spilites^ and 
Daly’s average basalt.* 

Table VIII 


Analysis. 









86/799 

A 

B 

SiO, 







Per cent. 
5400 

Pei cent. 
46*01 

Per cent. 
49*06 

TIG, 


• 





0-82 

2*21 

1*36 

AI,0, . 


s 




s 

16-37 

15*21 

15*70 

FofOs • 






e 

1*67 

1*85 

6*38 



• 

« 



« 

6-23 

8*69 

6*37 

MhO . 


• 

• 




010 

0*33 

0-31 

MgO 


m 

e 




1-58 

4*18 

6*17 

OhO 


• 

• 




5*18 

8*64 

8*95 

Na,0 . 


• 





4*51 

4*97 

3*11 

K^O 


• 





4*20 

0*34 

1*52 

HgO— 106*^ 


• 





0*06 

•• 

•• 

H*O-hl06®O 







2*51 

2*48 

1*62 

00, 



• 

• 

• 


2*81 

4*98 

• • 

. 



• 

e 

• 


0*23 

0*61 

0*45 

Totals 

s 

• 

e 

• 


100*27 

100*00 

100*00 

Speoido gravity 

• 

• 

• 

• 


2*702 

•• 

•• 


86/799. Alhitlaed dderite, two milee 
State, Bajpntaaa (F. Baonlt) 

A. Average of aeven analyses of 

B. Average of 198 liasaltio rooks. 

^ A. K. Wells, OecL Mag., LX, p. 69, (1928). 

A. Babr, 'Igneous Books and Tketr OiigSn,* Kow York, p. 27, (1914) 


south-west of Kapasia (sheet 97), Palanpur 
spilites. 
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It will be seen from a study of the figures in Table Vlll that 
there are certain resemblances between the Kapasia specimen and 
the average spilite. Wells states that the aver- 
•1^^*”**^”* **** spilite is distinctive in the following partic- 

ulars: — very high percentages of titania, soda 
and carbon dioxide ; very low percentages of magnesia and potash ; 
state of oxidation of the iron.^ The Kapasia specimen has low 
titania (0*82 compared with 2*21), high soda (4*51 against 4*97), and 
moderately high carbon dioxide (2*81 against 4*98) ; very low mag- 
nesia (1*68 compared with 4*18 in the spilite) but high potash (4*20 
against 0-34); and the iron is mostly in the ferrous states 

In spite of the results with Boricky’s test, it appears that the 
Kapasia specimen, which is typical of the other post-Malani basic 
rocks in this region, has a strong alkaline character and bears many 
resemblances to the spilitic rocks. There is, however, no evidence 
whatsoever that these post-Malani basic rocks were submarine in 
nature ; indeed all the evidence is to the contrary. They are 
best described as albitiaed basalts, it being clearly understood that 
the soda in these rocks is derived from the magma. It is unfor- 
tunate that no analyses of the other post-Malani basic rocks, de- 
scribed in the next section, are available for the purposes of com- 


Other specimens. 


parison. 

The following additional specimens were collected : — an albitised 
and chloritised dolerite (36/797, 17605) from one mile north of 
Kapasia, which contains a fair amount of iron- 
ore (ell’orts to measure tlit (uuiipositioiis of the 
felspars in this rock by Federov stage Juethods proved unavailing) ; 
a similar rook, but darker in colour (17606), from the same locality 
containing more iron-ore and abundant chlorite ; an altered dolerite 
(21328) from one mile W.N.W. of the same village; and another 
(36/800, 21330) from one mile W.S.W. of Amlia (sheet 77). 


other Post-Malani Basic Rocks. 

During his inspection tour in Sirohi in March, 1930, Dr. A. M. 
Heron collected a specimen (20900) of a fiue*gramed basic dyke intruding 
the Malani granite-porphyry half a mile west 
owara. Sanwara village (sheet 96). This consists 

of a felted mass of laths of plagioclase felspar with abundant iron- 


*£«. eO. 
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<ne, the ferromaguesian minerals being entirely altered to chlorite 
with characteristically low polarisation colours. Caloite is present 
in fair amount. 

Dr. Heron also noted a basic dyke (20902) in rhyolite or granite- 
porphyry on the river bank half a mile north of Mirpur (sheet 95). 

Mlniir. “ similar to the above specimen 

but is coarser in grain. 

Another definitely post-Malani basic (21213) was noted by the 
author intruding Idar granite (42/317, 21214) IJ miles east, a little 
south, of Mirpur. This also contains abundant plagioclase and 
iron-ore, with secondary calcite and a pale-green mineral with ultra- 
violet polarisation colours. 

Basaltic dykes (42/282, 21190) were noted intruding the rhyolite 
occurring 3f miles north-east of Pardi (sheet 95). These are very 
decomposed in the hand specimen, but a rel- 
atively fresh piece shows abimdant calcite and 
iron-ore. There is a large development of a pale-green to colour- 
less mineral with circular polarisation which occurs also filling 
cavities in the rook. 

Several altered basalts (36/85, 17065) were noted 3J miles south 
of Danta (sheet 95) cutting Idar graiute. These contain abundant 
secondary hornblende with the following pleo- 
chroism 


Osttta. 


R = light yellow-green, 
b = dark green. 

C = blue-green. 
Absorption : — C = b > 8 


Correlation with Jodhpur. 

The E,-W. strike of the post-Malani basic rocks in the south- 
western part of the State has already been noticed. The other 
Strike. post-Malani basic rocks in Sirohi do not appear 

to follow any well-defined direction. In this 
connection, it is worthy of note that La Touche states : — ^ 

• The volcanic period was euoeeeded by the introsion into the complex of 
lave and gramte of a number of baaio dykes, the material of which is an altered 
olivine dolerite or diabase consisting of plagioclase felspar, olivine and augite 
with a small amount of biotite. The interval that elapsed before the intrusion 
of these dykes cannot be ascertained, but it must have been sufiGioient to allow 

ijfcm. Qeol, 3urv. Ind., XXXV, p. 25, (1902), 
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of the developmeut in the lavas and granites of joint planes, since the dyk<^ 
usually follow such planer. The majority of the dykes run north and south, 
but another system crosses those almost at right angles. There does not seem 
to bo any difference in composition between the rocks of each system. They 
appear to have been injected before the deposition of the overlying Vindhyan 
sandstones, since they have not been found traversing those, but as it happens, 
none of the dykes were observed, even among the lavas, in that part of the 
country where the remnants of the sandstones are now visible, and it is quite 
possible that the dykes are of post-Vindhyan age. Mr. Blanford mentions an 
outburst of “ basalt *’ in oonnection with the Talchir boulder beds of Pokarau, 
but he says that the relations of the rocks are not clear.’ ^ 

Unfortunately there are no Vindhyan sandstones in Sirohi State 
from the field relations of which information might have been 
gained concerning the age of these post-Malani 
basic rocks. La Touche’s conclusions are that 
the post-Malani basic rocks were pre-Vindhran, 
but he admits the imssibility of their being post- Vindhyan in age. 
The author is inclined to correlate the post-Malani basic rocks of 
Sirohi with those of Jodhpur and agrees with La Touche in believing 
them to h^ve great antiquity. He does not consider them to have 
genetic relationship with the Deccan trap lavas, which are thought 
to be much younger than the post-Malani basic rocks of Sirohi 
State. 


Hec, Ci€oL Svrv, Ind,, X, i». 13, (1877). 



CHAPTER XU. 


POST-TERTIARY AND RECENT DEPOSITS. 

Blown Sand. 

Blown sand is especially plentiful in those parts of Siiohi State 
occurring on sheets 75 , 76 , 93 and 94. The large Nandwara Hill 
rises in the north-eastern part of sheet 76. 
^ Blown sand is heaped near the south-western 

flanks of this hill, and also the western flanks of the ridge with the 
peaks 2,280 and 1,946 feet for a very considerable depth, which, 
in the former case, must be measured in hundreds of feet. High 
sand hills occur also on the leeward (eastern) side of the hill 1,946 
feet. La Touche has mentioned the occurrence at western end of 
the Saora range of sand over 800 feet thick,^ but it is doubtful if 
any of these Sirohi deposits attain that thickness. These sand hills 
on sheet 7C in the 80 uth-we.stern part of the State have been the 
scene of more than one sanguinary conflict between Jodhpur and 
Sirohi in the days before peace came to the land. 

The feature noted by La Touche* whereby the sand hills are 
separated from the rocky knolls by a deep ravine, kept clear by 
the drainage, from the hill sides and eddies of 
Easily eroded nature. found to lie the general case 

in Sirohi. The loosely ])ackod sand oilers no resistance to the 
erosive action of streams during the few months of the year that 
rain falls ; but the persistent wind soon more than makes up the 
leeway during the ensuing hot weather, and so the wind-bloTsm sand 
steadily encroaches ever more eastward.* 

A ‘ bay ’ of wind-blown sand extends from sheet 76 on to 
sheet 96 in the vicinity of the villages of 
Sheet 94. Jirawal, Bikanwas, Basan, Elian and Warman. 

Sand is heaped near the south-western part of the Sunda hills 
on sheet 76, stretching into Jodhpur where it 
is developed in force. 


*Jfe». Oeol. Surv. Ini.. XXXV, p. 87, (1902). 

* Op. ejt.^jn*> 98-S9. 

* ( 7 / Dr. lion’s leiUMlu in Utm. OaJL Sum, Ini., XLV, p. 108, (1917). 

( 148 ) 
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Wind-blown sand is banked up against the rhyolitic and granitic 
hills in the northern part of the state on sheet 94 ; no rocks crop 
out in that part of Sirohi on sheet 93 in the 
Sheet 94. extreme north. 

Reference to the origin of the wind-blown sand of Jodhpur 
was made by La Touche^ and valuable evidence in support of 
La Touche’s contention that it was not all of 
g n of sand* hoen given >)y Sir Thomas 

Holland and Dr. W. A. K. Christie.* Though there are no salt 
deposits of economic value in Sirohi State, yet much of the saline 
character of certain of the wells in the plains must b(* due to the 
solution of salt carried bv wind from the Rann of Cutoh. 


Talus. 

As has been noted by Dr. Heron,* talus slopes arc juominent 
features of the quartzite, shale and to a lesser extent mica -schist 
hills and are not characteristic of granite and 
by limestone hills. The Malani rhyolites and dell- 

enites usually have distinct talus slopes and 
the same feature is characteristic of the Mundwara suite of igneous 
rocks. It is very rarely indeed that these slopes are cemented. 


Alluvium. 

The amount of alluvium (undifferentiated froni wind-blown sand 
and soil) shown on the map is considerably less than that which 

UndMeraitHtod from actually occurs in the State. Most of the 
wind-blown sand and stream courses have thin sheets of alluvium 
on their sides and it is not ])ossibl(' to show 
these in a map of the scale upon which mapping was carrieil «)n 
(one inch to the mile). By the nature of the deposit, the boundari<‘s 
of the alluvium with the rocks must always be indefinite, and wheie 
there is undoubted evidence that the rock beneath the soil-caj) or 
alluvium is of a certain kind, this rock has ]>een mai)ped in })re- 
ferenoe to the less informative alluvium. 

In the lower parts of their courses, the chief ri\'ers mcand(‘r 
through a plain with occasional hills whiv^h, to all intents aiul piir- 

* ^ ^ poses, may be regarded as almost a peneplain. 

Anoiint of denudation. \ ’ . f x n i • 

Accordingly the deposits of alluvium along their 

»Op. eit„ pp. 38^1, (1902). 

»JRec. C?eol. 8urv. Ind., XXXVUl, pp. IM-ISC. (1010). 

Otol. 8urv. Ind., XLV, p. 100, (1917). 
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lower courses are much greater than elsewhere. One vuut be 
amazed at the amount of denudation that has taken place since 
Delhi and Malani times. The blanket of rooks under which the 
Erinpura and Idar granites crystallised out has been removed and 
much of the granites themselves denuded. It is only an infin> 
itesimal part of this denuded material that has been deposited 
within the limits of the State and that only at a very recent period 
in the form of alluvium. No doubt the denudation of so much 
material from this old land area has been compensated to a very 
considerable extent by uplift in accordance with the principle of 
isostasy. The uplift would once again rejuvenate the streams 
denuding the area and the work of denudation would be resumed 
with new intensity. But there is but little evidence of such re- 
juvenation now visible, except perhaps in the south-eastern part 
of the State. There waterfalls arc abundant in the upper parts 
of the streams which flow through limestone country. This is 
partly due to the nature of the calcic rocks, but it is also possible 
that there has been uplift within comparatively recent times. The 
country here is very suggestive of an old peneplain the rivers run- 
ning through which have been rejuvenated by some means. 

Similar features have been noted by Dr. Heron in North-East 
Eajputana^ who suggests that the old plane of erosion represents 
Dr Heron surface at the time when the Jurassic 

and Nummulitic beds of Jaisalmer were being 
laid down. It is thought, however, that the ancient peneplain in 
Sirohi is much younger than that in North-East Eajputano, 

Conj^offlerates. 

Sub-recent conglomerates are quite frequently met in the stream 

courses draining the plains in the western and south-western parts of 

_ . the State, and less frequently in the eastern parts. 

Frequent occurrence. •i./i.ii t 

These consist of boulders of varying sizes, roughly 

cemented together by calcareous material leached generally from 

the calcic rocks or Erinpura granite. Their extent is extremely 

local. 

1 Mem. Ckol, 8wv. Ind., XLV, pp, 8-9, (1917). 
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ECONOMIC SECTION. 

Agriculture. 

The soareify of water necessarily limits the amount of agri- 
onlture that the State oan support. During years with bad rains, 

^ there is a wholesale desertion of the less for* 
UfliKcd ia amount. ^ x :• -n j n 

tunately situated villages and wells. 

Water is obtained from wells after the watercourses have dried 
up, the ‘ Persian Wheel ’ being the usual method adopted. Salt 
and fresh water wells are found on the plains, as c.g., near Jogipuia 
(sheet 94). The author was informed that the slightly saline water 
is used for the cultivation of wheat, but barley will not grow with 
it; and that the fresh water gives excellent crops of barley but 
poor wheat crops. 

Rainy season crops are usually planted near the hills, which 
are used for pasturage, and the fields near the village are utilised 
for cotton at the same time. The surface of these rainy season 
fields is barely scratched, and the ground is never properly cleared. 
These temporary fields are allowed to lie fallow during the cold 
and hot seasons but it is very rarely that the fields near the village 
get a rest from the cycle of crops they are forced to bear. 

Wells are usually owned by three or four cultivators whose 
fields are irrigated in turn. Even in the sandiest country, as c.g., 
in the south-west (sheet 76) and north (sheet 94) of the State, care- 
ful irrigation gives remarkably good crops. The cultivated fields 
usually surround the villages. However, the Girasias living in the 
south-eastern part of the State (sheet 97) do not form centralised 
villages ; their usual piaotioe is to build their houses in the vicinity 
of their fields, giving straggling villages, sometimes miles in length, 
usually along the banks of a stream. 

Few vegetables are giown except in the neighbourhood of large 
towns and near Abu Road. The sandy beds of the larger streams, 
not quite dried up, are often used for the cultivation of vegetables, 
the small flow of water being diverted into the furrows (between 
the rows of vegetables) which have been easily and quickly made, 

( IM ) 
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Ballast, Railway (see Building Stones). 

Building Stones (also see Limestone). 

The State is rich in stone which can be utilised for building 
purposes, but there are no deposits of first quality, well- jointed, 
easily worked and favourably situated mate- 
development of an export trade. 
There is, however, ample material to supply 
all local needs and a sufficiency of limestone from which lime may 
be obtained. 

The purity of the available limestone has been discussed ujider 
another section {see pp. 156-169). The following particulars con- 
cerning the white marble or crystalline lime- 
esonesa stone from Perwa and Serwa (sheet 96) were 

obtained in March, 1927. The costs of smoothly finished slabs 
of limestone were as under 


2' s-'xl' r*=R8. 8-0^ per slab. 

v or aV r kV „ 2-4.0 „ 

2' r xrr A o' „ io4).o „ 

r 4^ X 3' 8^ xO' „ 16-0-0 
2'0'x2'0'x0'2'- „ 4-0-0 ^ 

V V aV or AV(f^ M 16-0-0 „ 

r 6^ X 8' O' X I' 6'= „ 40-0-0 „ 


It will be noted that the cost per slab rises very disproportion- 
ately to the length of the slab; a very small increase in length 
demands a very enhanced price. The rates of pay of the work- 
men are those quoted for lime workers in the same quarries (see 
|). 159b There are no prominent joint planes in the stone. Such 
(lip as could bo seen at Serwa appeared to be vertical ; at i^u•^va 
110 main direction could be seen. Reference may be made to the 
limestone section for a few brief notes concerning occurrences of 
other limestone and marbles used as building stones. 

The grey Delhi limestones so abundant north of Abu Road 
have been extensively utilised by the Bombay, Baroda and Central 


Railway ballaft 


India Railway as ballast. The stone quarried 
near Murthala^ is, it is believed, practically 


the only ballast used on the railway from Abmedabad to Marwar 
Junction. The extraction of the stone has been facilitated by the 
oonstruotion of a small branch railway. 


* Rtc, 8utv* UX, p. 4li,mi927)« 
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Malani rocks. 


The Erinpura granite is frequently used as a local building 
stone, but it is not well jointed and so is not easy to work. The 

Erinpura granite foliated types 8])lit rather more easilj' than 
the granitic*, types and full advantage is taken 
of this by the local workmen. Both the foliated and unfoliated 
kinds give handsome stones which are easily rough -dressed. All 
sizes of grain are available from coarse easily weathered stones 
to fine-grained highly resistant material. 

The Idar granite, with its dominant pink colour due to ortho- 
clasc fclsi)ar, is, as a rule, entirely did’erent in appearance from 
the Erinpura granite. Except in certain por^ 
phyritic varieties, it is generally well jointed 
but it has been used locally only to a limited extent. Some of 
the felspar porphyries and granitc-porpliyries would make excellent 
and handsome building stones ; th(‘y are well jointe d and easily 
worked. Their oecurrenee, however, is far removed from any rail- 
way station. The Malani rhyolites would form an unusual and 
distinctive stone but the colours vary greatly within short dis- 
tances. 

The galibros froau (/handrawati and Kui near Aim Bead (sheet 
97) would form a very handsome dark-coloun^d stone when polished. 

However they weather spheroidally, and as 
they possess no well-marked sysU'm of joints, 
they would be diflie.ult to work. The same remarks are applicable 
to the great majority of the numerous doleritic and epidioritic 
rocks in the State. 

The sodalite-syeiiitf.v from near IMundwara (sheet 96) would 
form a liandsome, light-coloured ruck when polisheti. There are 
certain joints which would assist their extract- 

Alkallne syenites. amount of the syenites is strictly 

limitcil and they are, as a rule, very variable in texture within a 
short distance, though the usual variety is coarse-grained. Moreover 
they are situated on the plains west of the Abu-Erinpura range 
and so are far removcKl from the nearest railw’^ay station (Rohera or 
Pindwara). 

The fissile Aravalli schists and phyllites find 
AravalUs. ^ small local use- as a material for building huts. 

The Ajabgarh quartzites (Delhi) in the south-eastern part of 
the State could be used as a building material as certain exposures 
are well jointed. The stone cannot be com- 
pared, however, with the Tipper Bhander Band- 
it 


Basic rocks. 


Dclhls. 
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stone of Yindhyan age which has been utilised over large parts of 
Rajputana. 

By far the greater proportion of the local roads are unmetallcd, 
but in the vicinity of the capital, Erinpura granite has been used 
as the chief constituent of certain motor roads. 
As a rule these have been surfaced with a 
very felspathio gravel formed by the weathering and decomposition 
of the granite. This gravel gives a good surface which stands up 
well to the small amount of traffic to which it is subjected. The 
same material has been used on the F.W.D. road from Abu Road 
to Abu, which is a fine piece of engineering construction work.. 
During the author’s last visit, however, in April, 1931, tar-spraying 
was being employed. The frequent inclusions of basic rocks in 
the granite have also been utilised on this road. 

Clays. 

As in all parts of India, local potters utilise the clays which 
are developed in the village ‘ tanks especially when those ‘ tanks ’ 
are situated on argillaceous Aravallis or Delhis. 

ecJnoiSc^mpSSa.®* *^®" “®®d8- deposits 

of kaolin of varying size are quite common in 
the plains to the west of the Abu-Erinpura ridge. They are formed 
through the breaking down of the felspars of the Erinpura granite, 
but the decomposition of the felspars is, as a rule, very sporadic 
and no deposits of sufficient purity or extent to have economic 
importance were noted throughout the course of the survey. 


Copper (also see Gold). 

The doubtful presence of chalcopyrite was reiiognized in a spec* 
imen said to have been collected from a pit dug for the extraction 
of gold, IJ miles N. N. W. of Kohera (sheet 
119). 


Denbtlttl preitiice. 


Qameis (see Qem Stones). 

Qem Stones. 

Gkonets are not so commonly found in the Aravallis and Delhis 
as might be expected, it being quite exceptionally that the schists 
of these systems are gametiferous. In the 
south-western comer of the State, however, 
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where composite-gneiss has been formed from the Aravalli rocks 
by the profuse Ut-jmrdit injection of the pegmatite accompanying 
the Erinpura granite, garnets are rather common. They ako 
occur in the vicinity of Baida (sheet 95). These garnets may be 
picked up in stream courses but their size is small and they arc 
never clear, being opaque and fractured ; they thus have no value 
as gem stones. 

Tourmaline is a common constituent of the pegmatite accom- 
panying the Erinpura granite but the variety found is always the 

Tourmalinei black schorl ; the red (rubellite), blue (in- 
dicolite), green or brown varieties, which have 
economic value, were not seen. 

Topaz is doubtfully recorded in a tourmaline-bearing aplitic 
rock from miles north of Amlari (sheet 95). This is the sole 
- occurrence and it has merely mineralogical in- 

terest. 


Gold. 

Reference has already been made to La Touche’s visit to the 
village of Rohera (sheet 119) in connection with a reported find 

HuchetudU Touche Hughes 

Hughes MdU Touche, Erinpura Irregular Force» A brief ref- 

erence to the author’s inspection was made in the General Report 
of the Geological Survey of India for 1925.* 

The author examined two old pits about n^iles N. N. W. of 
Rohem from which it was stated gold had been extracted. The 
ore was supposed to have been carted to 
^^zamlnatlon ol old jjohera and crushed there. It was further 
stated that only one .cart-load was taken and 
then further removal was prohibited by the Durbar ; but the author 
is unable to vouch for the truth of this statement. It was affirmed 
that As. 12 were all that resulted for every rupee spent in the 
venture. 

The pits had long since fallen into disrepair and when excavated 
specimens were examined, no trace of gold could be seen nor even 
a trace of pyrites. The author was given a specimen (34/233, 

» 8*» p. 7. Abo T. H. D. La Tonoh^ Otn. Sepl. Qtol 8vrv., Ind., 1898-98, 
p.tf,(i899). n 

•B». Qtot. Bwrp. tnd., LEE, p. 44, (1927). 

U2 
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16194) said to liave been taken from a pit some 20 to 30 years piev> 
iotuly. This shows abundant cubes and ootahedra of pyrite, the 
identification of which was confirmed by the blowpipe ; the thin 
section shows pyrite, ? ohalcopyrite, quartz, tremolite, chlorite, 
epidote and plagioclase felspar. A part was crushed and assayed 
for gold, but with negative results. 


Iron-ore. 


None of the iron-ore occurrences in the States have economic 
value. Magnetite is an extraordinarily constant constituent of 
most of the igneous rocks and this occasionally 
has been concentrated in the sands of the 
stream courses which drain hills composed of basic igneous rocks. 
Thus in the vicinity of Mundwara (sheet 96), the black iron-ore 
constitutes the major part of the sands of the stream beds. 

Iron-ore in the form of magnetite, ilmenite, haematite and 
limonite also occurs but disseminated through the rocks and so 
with no economic value. Tron-ore was noted 
occasionally in the pegmatite accompanying 
Erinpara granite but never in any useful amount. It is rare in- 
deed in Bajputana that a state of the size of Sirohi is so badly 
provided with supplies of iron-ore. There is consequently no old 
native iron industry, though occasionally slag heaps were noted 
where past native workers had utilised certain ferruginous Axavalli 
or Delhi rocks. 


OtbOTeddei. 


Kankar (see Lime). 

Kaolin (see Clays). 

Lime, Limestone and Marble. 

The field relationships of the various limestone and marble 
ooontrenoes have already been given in the descriptions of the 
irt— . Axavalli and Delhi rooks. As limestone is by 

far the most important rook from an economic 
standpoint which is found in the State, the following analyses. 
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okrried out chiefly by Mahadeo Ram in the laboratory (rf the 
Geological Survey of India, may prove of value: — 


Tablt? IX. 



I 

II 

III 

IV 

B 

VI 

VII 





Per eent. 

Per cent. 

Per sent. 

Per cent. 

Per oeiit 

Per eent. 

Per cent. 

Imeliible residue 

. 

, 

. 

0-70 

12*24 

3*02 

8*00 

10-10 

8*62 

10*64 

r€,Og, Ai,Og • 

. 

• 

. 

107 

2*87 

1*17 

0*67 

0*74 

0*64 

4*06 

CaO 

. 

. 

. 

4963 

42*60 

62*12 

49*65 

47*89 

61*49 

47*94 

MfO 

. 


. 

1-06 

2*96 

1*08 

8*47 

0*70 

0*91 

2*79 

on Ignition 

• 

• 

• 

40*64 

38*20 

42*63 

42*84 

34*82 

30-30 

35*33 

Totals 

. 

. 

. 

99*00 

98*83 

09-92 

99-09 

100-31 

100-82 

1OO-70 

Speciftc gravlti^^ 

• 

• 

• 

2*76 

2*71 

2-72 

2 74 

2-86 

2*72 

•• 


I. firry I>elhl llmostour (30/168), half a mile south-west of Dhanwau (sheet 96) and two mllea 
north of Abu Hoad (sheet 97) (ICa)iadco Ram). 

ir. drey Delhi llmcHtone (34/232), four mlloH gouth-west of Garh (sheet 110) (Vfahadeo R.-iiii) 

III. (Irry Delhi llm(‘stone (34/258), just south ot Watera (sheet 00) (Mahadeo Ham). 

IV. White AravaJli marble (36/770), PUotl (sheet 70) (Mahadeo Ram). 

V. White Delhi marble (36/700), (ihoratankri (sheet 97) (Mahadeo Ham). 

VI. White Arayalll marble (36/708), Perwa (sheet 96) (Mahadeo Ram). 

Vll. Delhi phlogopitle limestone (34/251), H miles north of Nawawaa (sheet 119) (L. H. Bharma). 

' A certain amount of burning for lime is carried on with the 
grey Delhi limestone which occurs in abundance to the north of 
Abu Road Road, but the chief importance of this 

stone lies in its utilisation as ballast by the 
Bombay, Baroda and Central India Railw^ay (see' p. 152). The 
author was informtHi, however, that the lime obtained from this 
stone was sent as far away as Ahmedabad, Palanpur and Ajmer. 
The first analysis in Table IX shows the large insoluble residue 
amounting to 6*70 per cent., with iron-oxide and alumina amount- 
ing to l'(>7 per cent., w^hich this grey Delhi limestone contains. 
This is probably a good indication of the impurity of the rock,^ 
thin sections of which show the presence of quartz and pblogopitic 
mica. 

The Garh limestone, likewise of D<'lbi age (Analysis II in 
Table IX), also contains a large percentage (12-24) of insoluble 
residue. This limestone is typioal of the large 
spread of these rocks found in the hills in the 
north-eastern jiart of the State. A certain amount of burning for 

also Jlee. OeoL 8urv. Ind., MX, p. 49, (1927). 








m 


OOIJLSON : GEOLOaY OF SIBOHI STATE. 


Nawawas. 


lime is carried on but the eoonomio importance of these rocks from 
that standpoint must be considered small in view of their impurity. 

Another of the grey Delhi limestones from just south of Watera 
(Analysis III in Table IX) shows considerably 
Waters. less insoluble matter than the preceding spec- 

imens. 

The phlogopitic limestone of Delhi age from north of Nawawas 
contains the large percentage of 10*64 of insolu- 
ble matter. 

According to the Rajputana Gazetteer/ the white niarble of 
which the beautiful Jain temples at Dilwara on the tojj of Mount 
Abu are built, comes from near Jhariwao on 
* * the south-eastern frontier of the state. This 

village is not showui on the map and it is possible that the niarble 
employed at Dilwara came from the neighbouring state of Danta. 

The occurrence of marble near Ghorat^nkri in this region, how- 
ever, has already been noted {see p. 42) and an analysis of a spcc- 


GhoratankrL 


imen from there has been given in Tabic IX 


above.® The marble occurs mainly on the 
western side of the isolated limestone hill at Ghoratankri ; the 
eastern, northern and southern sides show many dolerites which 
stretch eastwards across the river to the exposures of calcic rocks 
on its other side. The southern portion of these calcic rocks across 
the river is a rather pure marble, but it is just on the border with 
Danta State. 

The former deposit, that nearer Ghoratankri, has a good colour 
but it is very variable in texture. Generally it is fine-grained and 
is perhaps best described as a crystalline limestone merging into a 
marble. There is a fair amount of coarser-grained, but softer, 
rock in the southern part of the hill. 

The deposit on the border, across the river, is a fine white sac- 
charoidal marble, but its amount is limited on account of the pro- 
fusion of intrusive doleritic and epidioritic dykes, and of veins of 
pegmatite and granite from the Gorsa outcrop of Erinpura granite. 

This Ghoratankri rook takes a good polish. Its analysis shows 
a high percentage of insoluble matter and though purer material 
undoubtedly exists, the limitation of supplies lessens its economic 
value. Moreover it is about 12 miles from the nearest railway 
station (Abu Road) and means of communication are poor. 

UII-A, p. 265, (1909). 

also i{ac; QtcL ini., LXl, p. 27, (1929). 
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The Piloti (sheet 76) Aravalli marble occurs in two outcrops 
separated by mica-schists.^ The first outcrop is a small ridge, 
p 120 yards long and 20 yards wide. The second 

is a hill about 60 to 80 feet high. The latter 
has been, and is being, burnt for lime and the former quarried, though 
its value as a building stone is reduced on account of the absence 
of any well-defined system of joints. The analysis given previously 
(Analysis IV in Table IX on p. 167) indicates a fairly pure marble 
with some dolomite. There are numerous small outcrops of calcic rocks 
in this vicinity, e.//., at Maraichi (sheet 96), Godwara, Bhilra C 
(sheet 76), etc., some of which are sufficiently pure and metamor- 
phosed to warrant their being termed marbles or crystalline lime- 
stones. As noted before, however, impure calcic rocks occur asso- 
ciated with these (see p. 29). 

The Perwa and Serwa (sheet 96) occurrences of crystalline 
limestones and marbles have been noted elsewhere.* These are 
used to some extent as building stones (see 
pp. 29, 162) and also for the extraction of 
lime, ^’he analysis given above (Analysis VI in Table IX) shows a 
large percentage (8*52) of insoluble residue but little iron or magnesia. 
In 1927, the cost of wood for use in burning the limestone at Serua 
for lime was Rs. 3 per bullock cart load. The cost of 14 luamids 
of lime, delivered in Sirohi, some 27 miles to the norili-east, was 
Rs. 10-12, As. 12 going to the State. The rates of pay per diem 
from 8 A.M. to 7 p.m. were As. 8 for a man, As. 3 for a boy, and 
As. 2 for a woman. 

Abundant kankar Avas noted throughout the State, more 
especially in the arid regions in the west adjoining Jodhpur State. 

With the abundant supply of almost pure 
lime thus easily available, it is not to be 
wondered at that this source is frequently preferred to the less 
pure, though more abundant, calcic rocks. 


Perwa and Serwa. 


Kankar, 


Mica. 

Referenoe has been xnade elsewhere* to the occurrence of a 
pegmatite, two miles east of Sabela (sheet 11 8), which contains 
muscovite of fair size but too small and of 
too poor quality to be worked. Both mus- 


Sabeta. 
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eovite and biotite, the latter less frequently, were often noted in 
the pegmatite accompanying the Erinpura granite ; but though 
diligent search was made, no single instance can be recorded of 
mioa of sufficient purity and size to have any value economically. 


Quartz, Rock Crystal. 

There are numerous white hills of reef-quartz, which is a peg- 
matitic derivative of the Erinpura granite, that could be quarried 
for an abundant and cheap supply of rela- 
tively pure silica. No rock crystal was noted 
in the state. A few specimens were occasionally seen of rose- 
coloured quartz which, however, were too variable in <!olour to have 
any value. 


Road Metal (see Building Stones). 

Soils. 

The soil resulting from the disintegration and decoxnj)Osition of 
the various granites and other rocks found in tlie State suffice to 
Qranitet. support a varied flora and a limited agricul- 

ture. The Erinpura granite, by reason of its 
coarseness of grain, gives rise to a gritty soil in which whit(‘ frag- 
ments of felspar and quartz piedominate. This coarse soil is 

characteristic of the plains to the vest of Abu. The younger 

Idar granites at Ban, Isri and Nandvar Hill give a somevhat similar 
soil, reddish in colour, containing abundant orthoclase felsj^ar. 
This soil is fiucr-grained than that formed by the distintegration 
and decomposition of the Erinpura granit<*. It supports a more 

varied flora than the latter at similar altitudes. 

The Aravalli and Delhi rocks give a very poor soil as a rule. 
The calcic rocks of both systems and the intrusive basic rocks of 

. ... . vv .. . varying ages, however, give better soils. This 

Aravallis and Delhls. • i 1 ^ • 

IS only to be expected when it is remem- 

bered that of all the ordinary essential mineral constituents of sed- 
imentary rocks, free quartz, which is usually the most abundant, 
is the most refractory towards purely chemical agencies. This 
mineral suffers only from mechanical disruption and the silica 
which is removed during the process of decomposition of rocks 
comes mainly, from the silicates and not from free quartz.^ 

G. P. Merrill, * Books, Book-Weatherixig and Sofia*, London, p. 284, (1897). 
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Topaz {see Qem Stooes). 
lourtnaline {see Gem Stones). 

Water Supply- 

Reference has been made previously to the scanty rainfall of 
the State. The consequence of this is that wells are almost univer- 

Scan raInfalL ^ water after the end 

^ of January, most of the smaller streams having 

dried up by that time. The larger streams still show a slight 

flow of water which in places persists even to the beginning of the 
next rains. 

The actual amount of run-off throughout the State is very 
small on account of the sandy nature of the soil, which allows 
downward percolation of the greater jmrt of the 
* rainwater. The level of the water-table is 


fairly high, but the intense desiccation to which the land is subject 
during the months of March to Jnne soon has its effect in lowering 
the level of the water-table. Also the amount of water removed 
by means of wells is very large and it is only a small proportion of 
this which finds its way down once more to be utilised in irrigation. 

Numerous earthen bunds are in general use to conserve the 
limited supply of rainwater, but only very few ‘ tanks ’ in the 
Dams. State are of sufficient dimensions to with- 

stand continual use and evaporation through- 
out the winter and summer months. Consequently tlu^ wells are 
compelled to supply water for the live-stock upon which the villagers 
depend so much. It is only very occasionally that masonry or 

cement-concrete dams are constructed. 

From his visits to every part of the State, the author concluded 
that insiiffioient attention was given to the very important question 
of the conservation of water. It is admitted that ideal sites for 
the construction of large reservoirs are few and far between. The 
question of expense and recompense also has to be considered, 
and the author was often told that there is but little need for large 
reservoirs, which are costly and would not supply more water than 
is obtained from primitive methods at the present time. The 
excessive amount of evaporation that would take place from the 
surfaces of large reservoirs also must not be forgotten. So there 
is much to be said for allowing the present primitive, and admittedly 
inefficient, methods to continue. 
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The constant presence of water at a small depth below the 
surface is frequently indicated by a collection of Jchajur or wild 
Wcib. palms. Most wells are sunk not far 

distant from river courses, which are rivers 
for but a few months in the year. The water-table under these 
is as a rule high but descends the further one goes from their banks. 
There is a slow but definite underground flow of water from the 
higher parts of these stream courses towards the far distant sea 
and this assists in keeping the water relatively fresh. But on the 
plains, more especially in the western and north-western parts of 
the State, the evaporation and solution which goes on is suflSioient 
to make the water of most wells definitely saline. 

Sinking wells into the solid undecomposed rooks such as Idar 
or Brinpura granite almost invariably leads to failure, except in 
the lucky oases in which water-containing fissures are met. This 
elementary fact is known to the villagers, who sink their wells in 
rocky country in the tliin layer of soil and gravel on the sides of 
the streams flowing through the area. This method is not without 
its disadvantages in populous districts. Thus the water sui)pl> 
of the hill station of Abu is generally detained from wells which 
are sunk in the thin overburden of soil and gravel along the streams. 
Most of the drainage of the hill station finds its way into those 
stream courses, with the result that epidemics due to bad water 
supply are not at all infrequent in that otherwise salubrious hill 
station. 

It is interesting to record that just below the summit of Guru 
Sikkar, the highest point of Mount Abu, two wells have been con- 
structed for the use of pilgrims, and these give a good supply of 
water. They have fortunately been sunk so as to tap a water- 
bearing fissure. 



CHAPTER XIV. 


STRUCTURE OP SIROHI STATE. 


Structure of ArmllU. 


Conclusions from Exposures in Sirohi. 

The following brief resume gives such con- 
grinttfc**" ** Brlnpura elusions as can be drawn from exposures in 
the State itself. 

It has been emphasised in more places than one that the domi- 
nating forces which have left their imprint on the rocks in Sirohi 
immediately preceded the intrusion of the Erinpura granite. Before 
this, however, the Aravallis were folded and eroded, and the upper 
members of the Delhi system, viz., the Ajabgarh series, deposited 
upon their eroded edges. The mass of Erinpura granite forming 
the Abu massif, has been depicted diagrammatically in Figures 4 and 
5 as having been intruded more or less at, or under, the westermost 
extension of the Delhis. 

The present structure of the Aravallis to the west of the Abu 
masnf is rather indefinite, but in Chapter III, reference has been 
made to anticlinal structures near Sindret (sheet 
96) and Selwara (sheet 96), and to the rolling 
dips of the limestones in the south-western corner of sheet 96. 

The Ajabgarhs were folded into broad open folds in the south- 
eastern part of th<> State and into steeply dipping strata in the 
north-eastern corner. The first four sections 
which form Plate 11 show very well the 
changing oonditioiih as one jirocecds from the south-eastern to the 
north-eastern part of Sirohi. They are all roughly parallel and 
their general direction (bearing) varies from 121° to 113°; they 
are all approximately at right angles to the strike of rocks. 

The first section (Plate 11, fig. 1) runs from half a mile N. 
67° W. of Chandrawati to three-quarters of a mile south of Jan> 
buri, a distance of 9*35 miles in a direction 
bearing 113°. It is the most southerly of 
the four sections and has especial interest in 
cutting the* intrusive Qorsa mass of Erinpura granite and the fault 
some 2^ miles north-east of S\rr Paga. The fault has been shown 
as a reversed fault, as the local dips show very considerable distort- 
ion due to the near-bj intrusion of the Gorsa mass of granite. 
It is not possible to estimate accurately the throw of the fault 

( 1«3 ) 


Structure of Oelhit. 
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whioh brings the oldest members of the Ajabgarhs, the quartzites, * 
into juxtaposition with the youngest members. Its throw must 
be greater than the thickness of the intaanediate schists, which is 
considerable. It would appear to be a hinged fault, with the 
greatest throw just east of the bill station 2,842 feet. 

It is possible that the boundary between the Erinpura granite 
and the mica-schists near Ohandrawati is faulted and that slipping 
has also taken place at the junction between the schists and calcic 
rocks in this vicinity. This is evidenced by the presence of breoc- 
iated quartzites (see p. 35) along this junction due to Ihe breodat- 
km of reef-quartz pegmatites. It will be noted that the section 
depicts the Ohandrawati gabbro as the youngest rock in the area. 

The second section (Plate 11, fig. 2) has the same length and 
is parallel to the above ; it runs from the Manpur ddk bungalow 
to one mile north-east of Bhamoria. It will 
. - be noted in this section that the dips have 

MCuOfI \nlcCi yij* _ _ 

fljittened out very considerably in the passage 
of some five miles along the strike. The outcrops of limestone in 
the western part of the section, as in the preceding case, have l)een 
depicted as synclinal masses ‘ pinched into ’ the older mica-schists. 
The oldest rocks, quartzites, appear in the centre of an asynnnetri- 
oal anticline with steeper dips on the western flank. Schists and 
calcic rocks to the east have been shown as having flat dips, but 
it must be remembered that their dips change locally to a large 
extent. The general stru(*tiire, how^ever, is that of a flat syncline, 
followed by an equally flat anticline. This structure persists to 
the intrusive mass of Erinpura granite forming the Bhamoria 
outcrop, which is just outside the limits of the section. 

The third section (Plate 11, fig. 3) has been drawn some 16 
to 18 miles further to the north-east along the strike, which here 
has changed to approximately N. 30° E.-S. 
30° W. The bearing of the section is 121°, 
which is almost exactly at right angles to 
the strike. The section runs from Kodarla in thkc north-west to 
hill station 2,809 feet in the south-east, which forms a boundary 
peak between Sirohi and Udaipur. The outcrops of oaloio rocks 
are still depicted as synclinal masses pinched into the older mica*- 
sohists, whilst the oldest rocks, quartzites, are highly compressed 

^See p. 42. The doubtfol possibility of these quartzites belonging totheAlwar 
wnim is adndtted. 
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antiolinal remnants. The zuaasive Waloria outerop of Erinpnra 
granite is shown on the right of the section. 

The fourth section on Plate 11 (fig. 4) represents the struct- 
ure of the country some eight miles still further along the strike 
towards the north-eastern corner of the State. 

nght angles to the strike and bears 
117° from one mile north-west of Jhonkar to 
IJ miles south-east of Bagdari. The boundary Ijetween the Erin- 
pura granite and the Ajabgarh calcic ro<‘ks near Jhonkar is prob- 
ably faulted. The quartzites arc shown as a highly compreyiised 
anticlinal remnant. 

Reference may also be made at this juncture to the two last 
sections on Plate 11 which show tlie general relationship of the 
Sanwani-Watcni and -'^ravallis and Delhis with the Erinpura granite 
AiwdfB-DsIdar sections and the younger Idar grajiite or its represcuta- 
(sheet 96). tives. The sections are approximately parallel 

to thos*j described above. Figure 5 runs from the Sonwara ddk 
Imngalow with bearing 120° for 19 miles to IJ miles S. 60° E. of 
the village of Watera. Figure 6 runs from miles W. N. W. of 
Anadra with iiearing 121° to two miles in the same direction from 
Deklar. Both sections lie on sheet 96 and may be considered as 
suppleme.nting the scries figures I to I on the .^ une plate ; following 
along the strike, the order of sections is figure* 1 (sheet 97) ; figure 2 
(sheet 97) ; figure 6 (sheet 96) ; figure 5 (sheet IM5) ; figure (sheet 
119); and finally figure 4 (sheet 118). 

Figure 5 on Plate 11 shows the idar granite near Adli at the 
junction of the Aravallis and the Jirinpiira gianite. As has been 
noted previously, this Idar granite \vas prolsibly intruded along 
the faultcil junction ))etween these rocks. A lluii felspar-porphyry 
has been shown at Undwaria. Synclinal masst*s of limestone have 
been shown just past Watera. 

Figure 6 (Plate 11) cuts through the lull station of Abu. Lime- 
stone is met at and east of Kivarli. Quartzites come in to the 
south-east of Deldar. 


Correlation with other Areas. 


Full details conceruing the nomeiulaturc and correlation of the 
Aravalli and Delhi systems are given by Dr. A. M. Heron in his memoir 


Dr. A. M. Heroit’i work. 


on the Geology of North-Eastern Rajpiitana.* 
He later came to the conclusion that the un- 


a Mm, CM, Shtp, Ind., XLV. pp. 105-116, (1917). 
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conformity between the Alwar series and the Raialo series was so 
important that the Baialos were removed from the Delhi system 
and given a place intermediate between the Delhis and Aravallis.^ 
A summary of the representatives of the Delhi system in Udaipur 
and its adjoining States has been given in the General Report for 
1930,* and Dr. Heron’s detailed work will shortly be published. 

The chief features of the geology of Sirohi, when correlated with 
that of its neighbouring States, are (1) the occurrence of contem- 
Clilef feataiM of geol* porai^fious volcanic rocks in the lowest members 
Off of SIrolii compared of the Aravallis ; (2) the total absence of repres- 
with olhtr areas. entatives of the Raialo system ; (3) the prob- 

able absence of equivalents of the Alwar series and the definite 
absence of the more local Kushalgarh limestone ; (4) the abundant 
intrusion of basic rocks into the Delhis of the east before the intrus- 
ion of the Erinpura granite ; (5) tlie equally numerous intrusions 
of doleritic rocks into the Erinpura granite and Aravallis of the 
west; (6) the occurrence of gabbtos at Chandrawati and Kui and 
ofporites, gabbros, pyroxenites, dolerites and sodalite-syenites, etc., 
at Mundwara ; (7) the very strong development of the Idar granite 
and its hypabyssal and volcanic representatives ; and finally (8) the 
well-developed system of post-Malani basic rocks in the south- 
western part of the State. 
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48,40,63,66,66, 
71, 96, 98, 106, 
111-113, 118, 

121, 126, 132, 
136, 146, 146, 
166. 


Chlorite and Chloritisation 
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Chlorite-Bchist : see AraixiUi system and Delhi system, 

Chotila Hill, 2,766 feet (97 ; 24" 28' 30^ : 72" 34' 3(r) . . 142. 

Christie, W. A. K 60, 92, 107, 139, 

149. 

Cbudoba, K. , . . . . . . .11. 

Clarke, P. W. . . 68. 

Clays 8, 164. 

Climate .......... 6. 

Clinozoisite ......... 29. 

Concretions 31, 44, 106. 

Cono-shoets . . . , . . . . . 91, 92. 

Conglomerate : see Post-Tertiary dcj[>osit8 and Aravalli system. 

Contemporaneous Aravalli lavas and tuffs .... 19-22. 

Copper 7, 8, 164. 

Corrosion of cr3rstals 98, 119, 121, 123, 

126, 131, 132, 

134-137. 

Cotter, G. de P 141* 

D 

Dadera (96 ; 24" 40' 30*' : 72" 36' 30*') ... . 27, 74. 

Daly, R. A. 107,117. 

Danta (96 ; 24" 48' 30" : 72" 48' 30") .... 53, 01, 98, 111, 115- 

122, 135, 137, 

140, 140. 

State 3, 4, 10, 37, 40, 66, 

168. 

Dantrai(96; 24° 43' 0" : 72" 31' 0") 6, 16, 26, 26, 64, 

66-69, 72, 100, 
no, 127. 

Deccan Trap 96, 147. 

Deldar (96 ; 24" 31' 0" ; 72° 62' 0") 8, 34, 37, 166. 

Dolessite 21, 136. 


Delhi and post-Delhi, but pro-Erinpura-graniteamphibolites, 

upidiorites, actimolite-schists, hornblende-schists, etc. 36-38, 40, 41, 46- 

63, 79, 166. 

system • . • 12, 32-44, 74, 160, 

163, 160, 103- 

166. i 

Ajabgarh series ...... 12, 32-44. 

Alwar series . . . . . . 13, 32, 30, 48, 166. 
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Delhi system Hornstone breccia 

injeotion-gneissoa . 

Kushalgarh limestone . 

limestones, oalc-rocks, etc. 

mioa-sohists, phyllites, etc. 

quartzites 

structure 

Dellenites : 8ee Malani sijfdem. 

Deri (97 ; 24*^ 23' 3tr : 72” 50' 0'') . 

Dewari (96 : 24” 31' ; 72” 28' 3(r) . 

Dhan (96 ; 24” 42' 30" : 72” 33' :i0") . 
Dhanari (96 ; 24” 41' 0" : 72” 56' 0") . 
Dhanga (118 ; 24” 45' 0" : 73” 4' 0") . 
Dhanwau (96 ; 24” 31' 0" : 72” 47' 30") 
Dharmano (117 ; 25” 3' 30" : 73” 3' 30") 
Dhauli (96 ; 24” 34' 0" : 72” 35' 30") . 
Dholpura (96 ; 24” 34' 30" : 72” 35' 0") 
Diallage ...... 

Dibri (97 ; 24” 27' 0" : 72” 28' 0") 
Differentiation .... 


Dilwara (96 ; 24” 36' 30" : 72° 43' 30") 
Diopside ..... 


Dip : see descripUovs of Delhi and Aravalli rocks, 

Dodia (96 ; 24” 63' 0" ; 72” 45' 0") 

Doslter, C 

Dolerites, basalts, epidiorites, etc., post-Erinpura-granite but 
pre-Malani in age ...... 


post-Malani : see Post-Malani dolerites. 

Dolomite 

Dungrari (96 ; 24” 43' 0" : 72” 36' 80") 


13. 

37-39* 78. 

13, 32, 166. 

32, 35, 39-44, 156- 
169. 

36-39. 

33-35, 73, 163. 
163-166. 

.39, 42, 49. 

29, 114, 143. 

67, 100. 

74. 

.33. 

49, 157. 

30, 61. 

27, 74, KM). 

27. 

47, .53, 66. 

27. 

63-65, 69-71, 73, 
90, 126-128. 

56, 67, 168. 

28, 29, 40, 41, 

43, 44, 48, 

53. 

16, 24, 53, 125. 

43. 

12, 46, 49, 66, 79- 
101, 116, 153, 

158* 166. 

169. 

28, 100. 


Economic section 

Enstatitic Pyroxene 

Epidi<M*tie : see Dolerites and Delhi, 


151-162. 

63. 
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Ferruginous shales, Aravalli rooks 19. 

Flora 5, 6. 

Fluorite 56, 67, 68, 60, 67, 

68, 72. 106, 106, 
110. 

Formations, list of 12. 

* Fourling ’ 96. 

G 

Qabbro 43, 49, 66, 79*82, 

84, 92*94, 163, 
164. 

analysis 80, 81. 

Gadh (97 : 24® 27' O'' : 72® 62' 30") 37, 39, 48. 

Gagrotio (96 ; 24® 31' 30" : 72® 32' 0") . . . . 27. 

Garberisohiefer ......... 49. 

Garb (119 ; 24® 43' 0" : 73® 1' 30") 42, 167. 

Garia (118 ; 24® 46' 0" : 73® 4' 30") 74. 

Garnet 18, 26, 31, 38, 41, 

62, 164, 165. 

Gaubert, P. 44. 

Gem stones ......... 164, 165. 

Ghoratankri (97 ; 24® 22' 0" : 72® 51' 30") . . . . 42. 

Ghosh, P. K 9, 10, 111. 

Godana(117; 26®2'30": 73®2'30") .... 61. 

Godwara (76 ; 24® 33' 0" : 72® 26' 0") .... 169. 

Goelli (96 ; 24® 64' 0" : 72® 60' 0") 17, 20, 22, 24. 

Gol (94 : 26® 0' 0" : 72° 49' 30") 10. 

Gold 7, 8, 37, 164, 166, 

166. 

Gorli (96 ; 24° 31' 0" : 72® 32' 0") 27. 

Gorsa (97 ; 24® 24' 30" : 72® 62' 0") 40, 41, 42, 64, 66, 


66, 67, 72, 168, 
163. 

Granite : see Etinpura granite and Malani ay stem. 

Granite-porphyry: also see MeUani ayaiem . . . .113, 116, 117, 118, 

124, 129. 

67. 

66, 60, 68, 72, 101, 
103, 106, 111, 

112, 118, 123, 

124,126, 126, 127. 


Granulite « . . . . 

Graphic and miorographio intergrowth 
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Greiaen 31, 72. 

6reywack6 22. 

Gupta, B. C 10, 88. 

Guru Sikkar, 6,650 feet (96 ; 24“ 39' 0' : 72“ 46' 30") . . 3, 66, 68, 70, 162. 

H 

Haoket, C. A. 6, 0, 34, 104, 129, 

140. 

Haematite 168. 

Haliwara (96 ; 24“ 60' 30' : 72“ 30' 30') . . . . 17, 26, 63, 

Harnai (96 ; 24“ 43' 30' : 72“ 29' 30') .... 113, 127. 

Hatch, F. H 68. 

Hcnirt) (96 : 24“ 31' 30' : 72" 20' 30') .... 27. 

Heron, A. M. 9, 10, 22, 32, 33, 


36,40,48,63,60, 
63,64,66,77,88, 
90, 99, 100, 106, 
no, 141, 146, 
148, 149, 160, 
166, 166. 

Horz 117, 135. 

Hetamji (96 ; 24“ 34' 30' : 72" 43' 30') . . . .56, 67. 

Hill station 938 feet (96 ; 24“ 69' 30' : 72“ 63' 30') . . 30. 

990 feet (96 ; 24" 68' 0' : 72“ 48' 30') . . 132. 

1,007 feet (95; 24" 67' O': 72“ 48' 30') . . 24. 

1,011 feet (96 ; 24° 64' 0' : 72“ 47' 30') . . 20. 

1,024 feet (96 ; 24“ 42' 0' : 72“ 37' 30') . . 113. 

1,056 feet (95 ; 24" 62' 30' : 72" 46' O') . . 128. 

1,089 feet (Jodhpur ; 96 ; 24“ 46' 30' : 72“ 29' O') 112. 

1,096 feet (117; 24" 6' O': 73“ 4' 30') . . 74. 

1,180 op. feet (76 ; 24“ 40' 30' : 72“ 26' 30') . 68. 

1,186 feet (96 ; 24“ 44' 30' : 72“ 39' O') . . 113. 

1,320 feet (94 ; 26“ 1' 30' : 72“ 62' O') . . 105. 

1,366 feet (96 : 23“ 38' 30' : 72“ 34' 30') . .28. 

1,423 feet (96 ; 24“ 61' 0' : 72“ 32' 30') . . 84. 

1,609 feet (94 ; 26“ 3' 30' : 72“ 64' 30') . 104. 

1,670 feet (95 ; 24“ 60' 0' : 72" 32' 30') . . 84-94. 

1,771 feet (118; 24“ 69' 30' : 72“ 68' 30') . 60. 

1,914 feet (96 ; 24“ 60' 0' : 72“ 32' O') . . 84-94. 

1,946 feet (76 ; 24“ 39' 30' : 72“ 27' O') . . 68, 148. 

1,966 feet (118 ; 26“ 0' 0' : 72" 67' 30') . . 30. 
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Hill station, 1,061 feet (05 ; 24" 50' 0" : 72° 47' O') 

117, 118, 134, 137. 

2,063 feet (05 ; 24" 50' 0' : 72° 47' O') 

134. 

2,168 feet (07 ; 24° 22' 0' : 72° 58' 30') . 

44. 

2,181 feet (05 ; 24° 46' 30' : 72' 47' O') . 

00, 106, 117, .374. 

2,181 feet (94 ; 25° 5' 30" : 72° 53' 30") . 

110. 

2,205 feet (96 ; 24° 63' 30' : 72' 63' 30') . 

31. 

2,230 feet (70 ; 24° 40' 0" ; 72° 26' 30") . 

68, 148. 

2,567 feet (96 : 24° 31' 0' : 72° .53' 30') . 

34. 

2,773 feet (97 ; 24° 26' 30' : 72° 52' 30') . 

41, 66. 

2,809 feet ( 1 19 ; 24° 38' 0' : 73° 6' O') 

62, 164. 

2,812 feet (96 ; 24° 32' 30' : 72° 57' 30') . 

34. 

2,842 feet (97 ; 24° 26' 30' : 72° 49' O') . 

41, 66. 

3,080 feet (97 ; 24° 24' .30' : 72° 57' .30') . 

62. 

- 3,220 feet (96 ; 24° 43' 0' : 72° 27' 30') . 

68, 108, no. 

3,262 feet (Jodhpur ; 76 ; 24° 46' .30' : 72° 25' .30' 

108. 

3,277 feet (96 ; 24° 42' 0' : 72° 27' 30') . 

168, 108, no. 

- - 4, 696 feet (96; 24° 35' O': 72° 41 '.30') . 

67. 

Hillebrand, W. F. . 

59, 117. 

Hindola Hill, 2,.340 feet (119 ; 24° 35' 0' : 73° 2' 30') . 

38. 

Hintze, C. ........ . 

21. 

Holland, T. H. 

90, 149. 

Holmes, A. ........ . 

119, 1.36. 

Hornblende 

38, 41, 47, 48, 49, 


62, 53, 66, 58, 60, 


62, 71, 89, 98, 


103, no. 111, 


11.3, 118, 121, 


122, 125, 136, 


146. 

liasaltic 

85, 86. 

smlio 

52. 

basalt . 

85, 86. 

Horn blonde-granite : aJpo see Krinpurn \prain1e aynl Malaui 


system^ Tdar granile ....... 

51,66, 57, 103. 107, 


108, 110, 130. 

Hornblende-schists : nee Delhi. 


Homstone breccia : see Delhi system. 


Houghton, F. T. S 

80. 

Hughes, F. C 

7, 8, 156. 

Hybrid, rocks 

40, 49, 63. 

Hypersthene ' 

96, 96. 

Hypersthene-olivine-dolerit 

96. 
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Jodhpur State 3, 9, 10, 77, 83, 102, 

108, 109, 111, 

133, 140, 141, 

147, 159. 

Jogipura (94 ; 26® 8' 0^ : 72® 67' 0") 130, 161. 

Jointing 02, 77, 97, 101, 

106, 129, 147, 

152, 163. 


K 


Kaohnauli river ........ 6. 

Kacholi (96 : 24® 38' 30' : 72® 53' O') .... 37. 

Kalandari (96 ; 24® 66' 30' : 72® 41' 30') . . . .3, 4, 64, 60-69, 1 12, 

126. 

Kalbari (96 ; 24® 66' 30' ; 72® 66' O') .... 74. 

Kalnmbri (118 ; 24® 47' 0' : 73® 6' O') . . . . 33, 74. 

Kameri river . 17, 18. 

Kankofr .......... 169. 

Kankodara (96 ; 24® 49' 30' : 72® 36' O') ... . 16, 26, 74. 

Kaolin and Kaolinisation 98, 131, 136, 164. 

Kapalganga river ........ 6. 

Kapaeia (PaJanpur ; 97 ; 24® 29' 0' : 72® 30' O') . . . 27, 142, 144, 145. 

Karara (96 ; 24® 46' 0' : 72® 46' 30') 123, 124. 

Karari ; see Abu Road, 

Karjara khera (96 ; 24® 44' 30' : 72® 36' 30') . .97. 

Kawa (Idar) ......... 60, 139. 

Kera (96 ; 24° 34' 0' ; 72® 48' 30') 72. 

Keshavganj R. S. (118 ; 24® 61' 0' ; 73® 4' O') . . . 36. 

Khan (96 ; 24° 37' 30' : 72® 29' O') 29, 73, 148. 

Khandra (117 ; 26® 6' O' ; 73® 0' O') 30. 

Khari river . 6. 

Khejra (97 ; 24® 27' 30' : 72® 66' 30') . . . . 41. 

Khomal (96 ; 24® 62' 0' : 72® 48' O') 18, 21, 120, 122, 

133, 136, 136. 

Khuri (Bikaner ; 27® 60' : 74® 47') 141. 

Kirana hilla ......... 141. 

KivarU (96 ; 24® 32' 0' : 72® 60' O') 166. 

Kodarla (119; 24® 42' 0' : 72® 67' 30') ... . 47, 74, 164. 

Koken, £ 141. 

Kola (117 ; 26® 11' 0' : 72® 67' 30') 74. 

Kotesar (Danta ; 97 ; 24® 20' 30' ; 72® 63' O') . . . 66. 

Kotra (76 ; 24® 32' 0' : 72® 27' O') 27, 29. 
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Xlll 


SUDJXOT. Page. 


Krishnauti river 6. 

Kui (97 ; 24^^ 28' 0^ : 72** 47' 30^) 43, 44, 49, 73, 79- 

83, 94, 95, 153. 

Kuiua (95 ; 24*^ 50' O'' : 72® 39' 0") 100, 125. 

Kun(ial(118; 24® 48'0": 73*'5'30^) .... 42. 

Kushalgarh limestone : see Delhi ayeiem, 

L 


La Touche, T. H. D. 7, 9, 54, 90, 92, 

102-104, 106-' 

119, 129-131^ 

133, 140, 141, 

146-149, 155. 

Lacroix, A 11,21,41. 

Lahiri, H. M. . . . . . . . 141. 

Lake, P 133. 

Larsen, E. 8. . . . . . . . . .22. 

Lae (94 ; 25° 6' 3(r : 72° 49' 0^) 131. 

Leith, C. K 36. 

L6vu, A. Michel ........ 143. 

Lime 30, 31, 156-159. 

Limestone : m’ Aravalli system a ltd Delhi system, 

analyses 157. 

Liparite 117, 130. 

Lodsar(Jodlipur; 27"42'0^: 73°37'0'') .... 141. 

Luni river ......... 5. 

Limonite : also see Iron-ore ...... 156. 


Maokie, W 59. 

Madar : see Mandar, 

Magnetite : also see Iron-ore 84, 156. 

Magriwala (76 ; 24° 35' 0" : 72° 27' (T') . . . . 69. 

Mahadeo Kam ........ 157. 

Makawal (96 ; 24° 32' 0" : 72° 32' 30^ . . . . 27. 

Malani system 7, 12, 14, 102-141, 

149, 153. 

17, 117, 120, 122, 
123, 13M37. 


delienites . 
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Malani system deUenites analysis 117. 

distribution 140-141. 

— War granite and porphyri tic Idar granite . 51, 52, 60, 01, 60, 

98, 99, 100, 103- 
114, 127-130, 

139, 141, 143, 

146, 160, J62, 

160. 

analyses 107,117. 


pegmatite, quartz-veins .... 127, 128. 

porphyries 00, 97-99, 104, 115- 

128, 140, 143, 

145, 146, 160. 

analysis . . . . .117. 

rhyolites 17, 105, 116, 122, 

123, 129-134, 

136, 139-141, 

106. 

analysis . . . . • 117. 

Malaser Mahadeo (75 ; 24*=* 45' 30' : 72® 24' O') . . . 110. 

Malgam (96 ; 24® 40' 30' ; 72® 38' 30') ... . 10, 53. 

MamauU (95 ; 24® 51' 0' : 72® 45' 30') ... . 19, 100, 113. 

Mandar (76 ; 24® 33' 0' : 72® 23' O') 3, 17, 53, 60. 

Mandwa (95 ; 24® 55' 30' ; 72° 51' O') ... . 80. 

Mandwara(119; 24® 36'0': 72® 68'30') .... 35,65,73. 

Manpur d&k bungalow (97 ; 24® 30' 0' ; 72® 47' 30') . . 164. 

Map sheets, list of 1. 

Maraichi (96 ; 24® 31' 0' : 72° 27' 30') ... . 159. 

Marble : see AravoMi system and Delhi system. 

Marri (95 ; 24° 52' 30' : 72® 32' 30') . ‘ . . . .86. 

Marwar : see JodJvpvr Siitate. 

Massive stocks ” . . . . . . . .77. 

MoMohan, 0. A 140. 

Mead, W. J 36. 

MelviUe, W. H 88. 

Mer (95 ; 24® 30' O' : 72® 32' O') 84-94. 

Mera (95 ; 24® 46' O' ; 72® 44' O') 24, 124, 137. 

Meirill, G. P 160. 

Mewar : see Udaipwr State, 

Mica: (dso see BioHie and Muscovite 8, 159-160. 

Mioa-schUrts : see Aramlli system and Delhi system. 

MStvocftne « * • • • 29, 41, 44, 57, 59, 

62, 67, 69, 72, 73. 
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Oldham, R. D 7, 140. 

Olivine 21, 62, 80, 84, 86, 

86, 96, 146. 

Olivine-baaalt 86, 06. 

Olivine-dolerito 84, 86, 146. 

Olivine-gabbro 80-82, 84, 92-94. 

Ora (94 ; 26® 2' 0^ : 72® 48' 30^) 123. 130, 132, 136. 

Oria (96 ; 24® 38' 0' : 72° 46' 0'') 66, 67. 

Orthoolase 62, 66, 60. 61, 66, 


67, 71, 87, 89, 98, 
101, 104, 106, 

110-113, 118, 

119, 122-126, 

127, 131, 132, 

133, 135, 136, 
163. 


Oeann, A 49, 95, 117, 130. 

P 

Paba (120 ; 24® 28' 0^ : 72® 68' 0^ 63, 64. 

Padar (97 ; 24® 29' 30^ : 72® 28' 30'') 27, 142. 

Padio ka Chhapra (97 ; 24® 22' 0^ : 72® 48' 30") . . . 66. 

Palagonitisation 21, 22. 136. 

Palanpur State 3, 27, 40, 42, 64, 

142. 

Palri (94 ; 26® 1' 0" ; 72® 56' 40") 24, 30, 114. 

Pamera (96 ; 24® 72' 0" : 72® 39' 0") 25, 100. 

Pamta hill 19, 20. 

rhyolites and dellenites 17, 116, 122, 130, 

132-136, 139. 


Pardi (95 ; 24® 66' 30" : 72® 46' 30") 16-18, 20, 22, 24, 

99, 125, 130, 132, 
146. 

Pawara (96 ; 24® 46' 0" : 72® 43' 0") 24. 

Peotolite 43, 44. 

Pegmatite : see EHwpvra gravUe and Malani system, 

Perlai (Udaipur ; 120 ; 24® 29' 0" : 73® 1' 0") . . . 63. 

Perlitio struoture 130, 134. 

m fei 
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Porthite and Microperthite 

67, 60, 62, 67, 104, 


110, 111, 118, 


120, 124, 136. 

Perwa (90 ; 24° 36' 0' : 72° 34' 0") 

29, 63. 162, 167, 


159. 

Phaoharia (96 ; 24° 64' 0' : 72° 39' 0*) . . . . 

99, 113. 

Phalaudi (95 ; 24*^ 61' 20^ : 72° 37' 30") .... 

98. 

Phlogopite . 

29, 42-44, 49, 167. 

Phungni (95 ; 24° 65' 0' : 72° 36' 30') ... . 

26. 

Phyllite : see AravaUi system and Delhi system. 


Ph3r8iography 

3-6, 65. 

Piorite 

79, 84, 92-94. 

Piloti (70 ; 24° 31' 30' : 72° 26' .30') 

27, 29, 157, 159. 

Pindwara(118; 24°47'.30': 73'3'0') . . . . 

3, 9, 37, 61, 163. 

R. S. (118 ; 24° 47' 30' : 73° 2' 30') . 

4, 153. 

PiUpura (90 : 24“ 41' 30' : 72° 41' 30') ... . 

24. 

Pleoohroic haloes 

06, 67. 

Poidara (96 ; 24° 49' 30' : 72° 36' O') 

26, 74. 

Poitra (96 ; 24° 41' 0" : 72° 38' 30'') .... 

25. 

Pokaran (Jodhpur) 

141, 147. 

Population 

3. 

Porphyries : see McUani system. 


Post-Malani dolerites 

12, 14, no, 113, 


142-147, 166. 

analysis ...... 

144. 

Post-Tertiary deposits 

12, 148-150. 

Potash-granite 

69, 60, 63, 64, 104, 


106, 107, 108, 


117, 137. 

Prehnite 

43, 44. 

Pumice 

133. 

Pyrite 

7, 156. 

Pyroxene, oththorhomiuc : also see IJyperstJiene . 

99. 

P 3 rroxenite ......... 

86, 166. 

Q 


Quartz mosaics 

li9. 

, secondary ........ 

100 119 124. 

Quartz-feslpar-prophyry : see Malani system. 


Quartz-latite . 

1.35. 

Quartz-pegmatite and Quartz-reef : see Erinpnra granite and 


Malani system. 
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Quartz-traohy-andeaite 117, 136. 

(juartsite : see AravaUi system and Delhi system. 


R 


Kaialo system . . . . . . . . . 13, 32, 166. 

lUinfall 0, 151, IGl. 

liajpiira (76 ; 24° 36' 3(r : 72° 24' :ur) .... 00, 101. 

Ramserji Hill (119; 24° 42' 0^ : 73 ’ 3' 30") ... 33, 34, 37, 48, 49. 

Randisar (Bikaner ; 27° 53' : 74° 32') .... 141. 

llaonakwara (06 ; 34° 35' 30" : 72° 31' 0") .... 29, 74. 

Raoult, F. 50, 68, 69, 02, 80, 

88, 106, 107, 117, 
135, 144. 

Harbor (117; 25° 1' :K>" ; 72° 59' 30") ... . 61. 

Raro (97 ; 24° 35' 0" J 72° 62' 30^) 41. 

Reed, F. R. C 141. 

Reinhard, M 11. 

Reodhar (96 ; 24° 37' 0" : 72° 31' 30") . . . . 27, 74, 

Rewat (Jodhpur ; 163 ; 26° 54' ; 74° 19') .... 141. 

Reynold, S. H 133. 

Rhyolitea : Malani system. 

Riohey, J. E. 91. 

Ring.dykes 91, 92. 

Rivers 6. , 

Roads 4, 164. 

Rook orystal 8, 160. 

Rohera (119 ; 24° 37' 0" : 72° 67' 30") .... 3, 7, 8, 37, 48, 164, 

166. 

Rohera R. S. (96 ; 24° 40' 0" : 72° 56' 0") . . . . 4, 163. 

Rohua (76 ; 24'' 40' 0" : 72° 25' 0") 69, 110. 

Ronela (95 ; 24° 46' 30" : 72° 39' 0") 16. 

Rosenbrusch, H 143. 

Rutile .......... 62. 

1 

s 

Sabela (118 ; 24° 47' 0" : 72° 67' .30^) . . . . 42, 48, 49, 169. 

Sagna (97 ; 24° 28' 0" : 72° 49' O-') 34, 37. 

Salgaon (96 ; 24° 36' 0" ; 72° 44' 30") .... 66, 57. 

Salotra(96; 24°,31'30": 72°33'30") .... 27. 
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Pa^e, 


Sanar (97 ; 24^ 28* 30^ : 72° 38' 300 . 
Sanpura (95 ; 24^ 47' 0" ; 72° 36' 30^) 
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FIG 1 APLITIC ERINPURA GRANITE (E G ) INTRUDED BY BASALTIC DYKES (B ) AND 
THE WHOLE INTRUDED BY A FELSPAR PORPHYRY (F P ) OF MALANI AGE, 

1 MILE N N E OF BILANGRI 



FIG. 2 INCLUDED FRAGMENTS OF A POST-ERINPURA-GRANITE DOLERITIC DYKE IN 
PORPHYRITIC IDAR GRANITE, I 3/4 MILES S S W OF PARDI 

A L Coulion photos, G S. / Calcutta 
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FIG 1 VIEW FROM THE WESTERN SLOPES OF HILL STATION 3 220 FEET. NANDWAR 
HILL, lookiiif^ across tiu plains to Bo'vta Hill inJollipiir Thd hills are forim 1 of 
Idar granite 



FI6. 2. VIEW OF THE SUNDA HILLS, LOOKING TOWARDS MALASER MAHADEO. 
The hills are formed of Idar granite. 


-/. 1 . CouLoil, t kotos 


G. S. Calcutta 
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FIG. 1. THE MER RING OF HILLS LOOKING W. N. W. FROM HILL STATION 1,670 FEET, 
NEAR MUNDWARA. The slopes of hill station 1,914 feet are formed of basaltic rocks. 
The dark rock in the immediate foreground is dolerite forming part of hill station 
1,670 feet. The dark rock forming the far side of the ring is also dolerite. The light- 
coloured rock forming the low hills in the centre foreground is Erinpura granite. The 
Sunda hills of Idar granite in Jodhpur may be seen in the background. 

A. L. Couisoti, fhofo. G. S. /., Calcutla. 



FIG. 2. HILL STATION 2,181 FEET AND SURROUNDING HILLS, COMPOSED OF IDAR 
GRANITE. Erinpura granite forms the Abu massif seen dimly In the right background. 
The photograph was taken from south-east of Mirpur. 

A. A/, Heron, photo. 


( 7 . S, /. , Calcutta. 
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FIG. 1. HILL STATION 2,181 FEET AND THE ISOLATED HILL I 1/2 MILES 
E. S. E. OF MOSAL, both of which are formed of Idar granite. Sand 
forms the northern slopes of the former hill. 



FIG. 2 . RIDGE OF PORPHYRITIC IDAR GRANITE, I3/4 MILES N. N. W. OF HARNI. 
The low-lying country in the foreground is composed of Erinpura granite. The high 
ridge in the left background forms part df the Sunda hills in Jodhpur which are 
composed of Idar granite. 

A. L. Coulson, photos 


G, S. /. Calcutta. 
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FIG 1 INCLUDED FRAGMENTS OF A BASIC ROCK IN FIG 2 SHOWING THE WEATHERING OF IDAR GRANITE, 

ERINPURA GRANITE, TWO MILES EAST OF PHACHARIA TWO MILES E S E OF MOSAL 

4, L Coulson photos G S I Calcutta 
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FIG. 3. 8PHENE CRYSTAL, ^VITH CENTRE FIG. 4. RIMS OF HORNBLENDE CRYSTALS 

OF ILMENiTE, in Ermpura granite around quartz phenocryste in a porphyry 

(16241 ; X 120, ordinary light). (17066; X 46, ordinary light). 


Z. Couison <Sr* Z. Sharmay photomicros. 


G S. Z Caiiutta, 
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FIG 1. MICROGRAPHIC INTERGROWTH OF FIG 2 LARGE ORTHOCLASE CRYSTAL IN 

QUARTZ AND FELSPAR IN PORPHYRITIC OUARTZ-FELSPAR-PORPHYRY (17060) 

IDAR GRANITE (21163, X51, SHOWING MARGINAL DEVELOP- 

ordinary light). MENT OF MYRMEKITE 

( X 60, ordinary light ) 



FIG. 3. LATHS OF PREHNITE IN CONTACT FIG. 4. ZONED DIOPSIDE IN AN AMPHIBOLITE 
METAMORPHIC ROCK (17601 A; X 79, (17037; X 54, ordinary light), 

ordinary light). 


A, L, Coulsott Z. Ji. SAarma, photonncros. 


G> St !• CtUnUta, 
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The Iron-Ore Deposits of Bihar and Orissa. By H. Cecil 
Jones, A.RS-M., A.R-C-S., F-G-S., Superintendent, 

Geological Survey of India. (With Plates 13 to 32.) 

PART I— GEOLOGY. 

CHAPTER I. 

INTRODUCTION. 

General. 

'I'lio iron-oir ar<’n described in this memoir is situated some 
15') to 200 miles to the west of Calcutta in the Province of Bihar and 
Orissa. It includes the southern part of the Singhbhum district, 
in the south-west part of w’hich is the Government estate known as 
the Kolhan, and parts of the Feudatory States of Bonai and 
Keonjhnr. 

The area under description lies between latitude 21° 46' and 
22" 30' and longitude 85° 00' and 8G° 00'. In my preliminary 
account of this areab 1 stated that ‘ Good iron-ore is reported to 
occur in the Feudatory State of Pal Lahara ’. I have since had 
an opportunity of examining the Malayagiri Hill in which tlxis iron- 
ore was supposed to occur. Good hematite occurs in a hematite- 
quartzite, but the quartz and hematite are so intimately mixed 


1 H. C. Jomw, ‘Tlio ln)ti Ores of Singhbhum umI Oriis*’, Bee.Oeol. .'iurv. /«rf , 
LIV, p. 203, (1923). 

( Ui7 ) 
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together that only a very liard, low-grade siliceous ore can be 
obtained, which is of no economic value at the present time. 

The following sketch map gives the location of the iron-ore areas 



Fia, 1, — ^koteb map showing position of iron-oro localitios wifli roirnrcl to (’alontta. 

with regard to Calcutta, the principal points of whicdi at prcs(*nt 
are Gurumaisani, Noaraundi, Gua and Manhai pur (Main harpur). 

The accompanying geological map (Plate 31) on the scale 
of 1 inch=4 miles has been reduced from the one inc h to the mile 
maps which were used during the survey. 

No attempt is made in this memoir to give an a('(miint of the 
following iron-ore deposits, also situated in the province of Bihar 
and Orissa, and the subject at intervals of exploitation for modern 
iron-smelting enterprises : — 

(1) The iron-ore deposits of Mayurbhanj State still being 

worked by the Tata Iron and Steel Co,^ 

(2) The deposits of magnetite in magnesian schists near Turam- 

dih in Dhalbhum formerly worked by the Bengal Iron 
and Steel Co.* 

(3) The deposits of hematite and magnetite associated with 

ferruginous schists at Hakigora in Dhalbhum, formerly 
worked by the Bengal Iron and Steel Co.® 

» P. N. Bose, Bee. GeoL 8urv. Ind., XXXI, pp. 1(58.170, (1904). T. H. Holland and 
L. L. Fermor, Bee. Oeol, Surv. Ind., XXXIX, pp. lOS-ll.^, (1910), and subsequent Quin, 
qiiennial Reviews of the Mineral Production of India. 

• L. L. Farmor, Director’s General Report for 1908, Hee. OeoL lnd„ XXX VTII, 

p. 41, (1909). 

* Ibid p. 42. 
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(4) The apatite-magnetite-deposits of Dhalbhum, which have 
been used as a source of phosphoric iron-ore at Kulti 
by the Bengal Iron and Steel Co.^ 

Accounts of these will be found in the papers cited, and in addition 
La Touche’s annotated * Index of Minerals of Economic Value ’ forming 
Part I B of his ‘ Bibliography of Indian Geology and Physical Geo- 
graphy \ may be consulted^ for a summary of our knowledge of other 
iron-ore deposits in Bihar and Orissa. 
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Visit to Lake Saperior. 

In 1927, 1 visited the Lake Superior iion-ore area in the United 
States of America with the idea of seeing how the Indian deposits 
compared with the deposits there ; more especially to compare the 
soft powdery hematite, which often occurs below the hard hematite 
m India, with the soft ores of the Mesabi range in Minnesota. 

1 received great assistance, and much information, from Mr. W. L. 
Tinker, Secretary of the Lake Superior Iron Ore Association, and 
from Mr. W. P. Chinn of Messrs. Pickands, Mather and Co. (agents 
for a number of the iron-mines), in drawing up a programme of tour, 
arranging for letters of introduction, visits to mines, works, etc. 
The officers of the Oliver Iron Mining Co., the M. A. Hanna Co., 
Messrs. Pickands, Mather and Co., and numerous officers of other 
companies did all they could to make my tour a success, and were 
always willing to arrange for my going over mines and works, and 
to give me any information and assistance that they could. I am 
also indebted to Messrs. Crowell and Murray, Cleveland, Ohio, and 
Messrs, Skilling’s Mining Review^ Duluth, Minnesota, for some of 
the information and figures quoted. A description of this vLsit 
was published in 1929.^ 

History of the Investigatioii. 

Almost from the commencement of the Geological Survey oi 
India, the pages of its publications contain numerous references 
and descriptions of the iron-ores of India, but it was only compara- 
tively recently that serious attention was paid to the iron-ores ol 
the area under description. 

Mr. P. N. Bose^, in 1904, first described the iron-ores which he 
had discovered in Mayurbhanj State and brought them to the notice 
of Mr. J. N. Tata. 

The Singhbhum deposits were first discovered by Mr. K. Saubolle, 
a prospector who in 1907 brought specimens of extremely good quality 
limonite from Notu Buru and Pansira Burn to the office of the 
Geological Survey of India for identification. Messrs. Martin & 
Co., Ltd., the managing agents of the Bengal Iron k Steel Co., Ltd., 

1 H. G. Jonei, Trana. Min. Oeol. InH. Ind., XXIV, pp. 176-20]. (1929). 

* P. N. Bose, ‘Notes on the Geology and Mineral rosources of Mayurbhsiii *, Hec. 
Oeol. 8urv. Ind., XXXI, pp. 168-170, (1904). 
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(now Bengal Iron Co., Ltd.), investigated the occurrence and took 
lip a mining lease of the Pansira Hill and commenced mining operat- 
ions in 1910. This was the foreninnei of the several areas whicli 
have been located, and some of which are now being mined for 
iron-ore. During the war there was a big demand for Indian iron 
and steel and this led to an iiuTcased domand for iron-ore. Pros- 
pectors ill the area under description had discovcTod a number of 
now iron-orc bodies, and numerous applications were made for 
prospecting licenses and mining leases. The District officials knew 
practically notliing of the nature or extent of tlie iron-ore deposits, 
and I was deputed in 1918-19 to start a geological survey of the 
area, which vas to form part of the general geological survey of Bihar 
and Orissa ; but the demaiidb for leases hecamo so urgent that I 
was instructed in 1921 to obtain a rough idea of quantities of iron- 
ore in the area, so that the local and other officials would have some 
idea of what they were leasing. The result of my survey of the 
area, carried out in the cold weathers of 1919-21, showed that these 
iron-ore deposits are remarkable for the enormous quantities of 
extremely rich ore they contain and that they will take a place 
amongst the largest and richest kon-or(‘ areas in the world. 

Most of the work connected with the estimation of iron-ore was 
originally carried out by myself in 1919-20 and 1920-21, but during 
ii('ld-scason 1920-21, Capt. C. T. Teychenne accompanied me foi 
a short time, and was responsible for some of the estimates of 
quantities of iron-ore available in the Uanda Mardeii lange, w^est ol 
Keonjhargarh, and some other areas in the Keonjhar State. 

Dr. J. A. Dunn wuuked on tlie boundaries of the Iron-ore series 
and the granitic rucks diiring the latter part of 1921-22, and during 
season 1922-23, after whicli he caiTi(‘d on work in North Siiighbhuin 
and in the lianchi and Manbhum districts ; he has described this 
latter work in Volume LIV'^ of the Memoirs. Geological Sim^ey of 
hulia. 

Dr. M. S. Krisliiiaii woiked with me for season 1924-25 in Bamra 
State, and then for the tw^o .seasons 1925-26 and 1926-27 in the 
Keonjhar Slate with the excollcnt new' maps that had been made 
by the Survey of India ; he made separate estimates of the quantities 
of iron-ore in a large number of the deposits of that State. 

Dr. L. A. Narayana Iyer worked with me during season 1923-24, 
and during the early part of 1924-25. During parts of 1925-2(5 
and 1926-27, he mapped most of the granitic area with its dyke.s 
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in sheet 73 P/16. During most of these seasons, however, he worked 
with Dr. Dunn. 

In December, 1929, Mr. G. V. Hobson spent about three weeks 
mapping a small area in the Eeonjhar State that had been left 
blank between my own work in the Singhbhum district on the west, 
and that of Dr. Erishnan in the Eeonjhar State to the east. 

Physical Aspects. 

The area under description may be roughly divided into two 
parts. The eastern part, consisting of the Singhbhum plain, is made 
up mainly of granite with small areas of schists and shales. The 
monotony of the plain is broken to a certain extent by small rugged 
hillocks or ridges formed of dolerite or other rock. This plain 
is well populated and very largely cuKivated, the principal crop 
being paddy (rice). The western part, in which most of the iron- 
ore occurs, consists of a mass of steep forest-covered hills, rising to 
a height of about 3,000 feet in the area know'u as the Saranda Pir, 
and to over 3,000 feet in the Bonai and Eeonjhar States. 

The hills of the area form part of an old peneplain, the general 
height of which is about 2,500 feet above sea-level. The general 
nearly level character of the tops of the hills in south-west Singh- 
bhum and the adjoining States is very marked when observed from 
the top of almost any of the higher hills, such as those near Gua. 

The view from the top of most of the hills in the Saranda Pir 
is very fine ; a confused mass of hills covered with varying shades 
of green of the sal and other forest trees, and with the occasional 
silver gleam of a stream winding its way through the hills. 

The shales and soft sandstones of the Iron-ore series form part 
of the low land and this is usually much cut up by small streams. 
When the bedding of the shales and sandstones is fairly flat, the 
cotmtry is generally undulating, a marked feature of this country 
being the fragments of white quartz which are the remains of 
numerous quartz veins which occur in the shales. 

When the bedding is fairly steep, the shale country is much cut 
up into narrow ravines, but the shale hills are generally marked by 
rounded contours. 

In the north-west of the Eolhan adjoining Gangpur State, where 
the shales become phyllitic in charset, these ravines are much 
more marked and are dependent to some extent on the strike of the 
rooks. 



INTRODUCTION. 


173 


The granitic country is generally flat, and typical granite tors 
are not common, but are seen to a small extent north of Champua 
in the south of Singhbhum. 

The series of dolerite dykes which have penetrated the granitic 
rock often occur at the surface as a scries of long ridges, say up to a 
quarter of a mile or more wide, which often rise one himdred feet 
or more above the granitic surface, and which can be traced for 
many miles, to small dykes represented at the surface by little 
more than a few rounded boulders. The line of these dykes is often 
marked by scrubby vegetation. 

The area in which the iron-ore bodies occur consists mainly of 
a mass of hills and ridges largely covered with reserved and pro- 
tected forests of sal trees. The small valleys 
between the hills usually have a good layer of 
soil, which is often cultivated ; but the hilly area is rather sparsely 
inhabited. This may be partly due to the damage done to crops by 
olej)hant, deer, pig and other wild animals. 

The hills rise about 1,000 to say 1,500 feet above the valleys. 
To the north-east of the iron-oic area stretches the granitic plain of 
Singhbhum. The general level of the Singhbhum plain in the 
south is about 800 feet and the highest point of the main iron-ore 
range in Singhbhum is 3,03S feet and occurs near the old village of 
Sasangda (22^^ 07' : 85^ 18'). The main iron-ore range, running 

from Ghatkuri in a S. S. W. direction, acts as a watershed over 

most of the area, but it is cut through at two points. Good 

sections of the rock are seen in these gorges and one realises in 
these places the wonderful folding that some of these rocks have 
undergone. An example of this is seen in Plate 18. 

The general drainage of the area is to the north-east, the princip- 
al rivers being the Karo, the Koina and the Baitarani, the source 
Drains e these rivers being in the area 

worked over. These streams are usually 

beautifully clear, and carry water all the year round. The Saranda 
Pir is well watered at all times, but the small streams in south-east 
Singhbhum, dry up soon after the end of the rains and the villagers 
are often dependent on water which they have stored up by putting 
up small embankments in the stream bed. When these reservoirs 
dry up, they depend largely on water obtained by digging holes in 
the stream bed. 
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Cliinate. 

The climate is delightful during the cold weather from about 
November to the middle of March, the mornings and nights during 
December and January being bitterly cold. It begins to warm up 
in March, and in April, May and early June, the temperatures can 
be very high, but the air is fairly dry. Occasional thunderstorms, 
however, during these months give a certain amount of relief. The 
rain&n is about 53 inches a year in the plains and 64 inches in the 
hiDy tracts, of which about 90 per cent, falls between June and 
October. The aiea is generally looked on as being rather unhealthy, 
and the period, say September to November, following the end of 
the rainy season is usually very feverish. Blackwater fever breaks 
out in certain parts, usually about this period. 


Fauna and Flora. 

The local inhabitants, mostly Hos and Koh, with their bows and 
arrows are keen shikaris, and small game except pea-fowl and jungle 
„ fowl is comparatively scarce. In the hilly 

tracts big game is often abundant, numerous 
herds of bison and sambhar occur in the Saranda Pir ; but owing to 
the thick forest and the nature of the country, one may go for a 
long time without seeing any animals. Elephant are often met with 
in Bonai, Keonjhar and in the Kolhan Government estate" in 
Singhbhum, and they do a tremendous amount of damage to crops. 
Tiger are very common in the western part of the area, especially 
in the Saranda Pir and in the adjoining parts of Bonai and Keonjhar 
States. Panther are fairly conunon, and bear occur in large numbers 
throughout the area. The latter often being met during the pro- 
gress of survey work, and arc commonly seen daring the mahtta 
season, making for the mahna trees. Wild pig are numerous and 
do much damage to crops. 

The reserved forests consists mainly of adl {Shorea rfAusta) which 
is largely cut and worked up into railway sleepers. Dr. Fermor has 
noticed tliat sal trees do not grow, or at any 
rate only in very stunted form, when the soil 
is from an ultrabasic rock. Bamboo {Deniroealamus strietus) grown 
abundantly on the epidiorite type of rock. Sabai grans (Inoiamum 
augudifolium) and spear gratis (Atidropogon contartus) are very 
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abundant in the early part of the cold weather and make geological 
work difficult, tedious and uncomfortable. 

Maps. 

The geologically coloured map (Plate 31 ) is reduced from the orig- 
inal field-maps on the scale of one inch=one mile. The maps used 
by me when I made the original estimates of quantities of iron-orc 
in Singhbhum were the topographical sheets on a scale of one 
inch=one mile, which were published about 1914. These were 
supplemented by Forest Survey maps of certain areas, on a scale 
of four inche8=one mile, and which I found very accurate and ex- 
tremely useful for the purpose required. 

The maps used in the original estimates of iron-ore in Bonai and 
Keonjhar States were on a scale of one ineli—one mile, and were 
published about. 1860-62. They were uncontoured and not at all 
satisfactory for the purpose, but being the most suitable that were 
available, I had to make the best of them. About 1925, new one 
inch to the mile maps of Bonai and Keonjhar States were published, 
and these were used both by Dr. Krishnan and myself. 
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GENERAL GEOLOGY AND GEOLOGICAL HISTORY. 


General Geology. 

The rocks of the area are shown by I)i. J. M. Maclaren in his 
map and account of ‘ The Auriferous Occurrences of Chota Nagpur, 
Bengal as Dharwarian.* 

Dr. Fermor in ‘ The Manganese-Ore Deposits of India referring 
to the area south of Chaibassa, says* : — 

* The but slightly metamorphosed character of these sandstones and grits and 
their gently rolling disposition would be more consistent with a Kadapah than 
a Dh&rwAr age for them ; but I think that in this case we have to deal with 
some Dhirwir sediments that have escaped being much folded and have therefore 
been but slightly metamorphosed.’ 

Dr. Fermor in 1919 put forward the following general classificat- 
ion of the Archsean rocks of the Chota Nagpur type * : — 

(1) Oldest gneisses and granites— not yet certainly identified. 

(2) Dharwar sediments and contemporaneous lavas. 

(3) Oldest gneisses re-melted — now post-Dharwar and probably 

forming a considerable portion of the ‘ fundamental gneiss.' 

(4) Post-Dharwar intxusives: — 

(a) Peridotites and other ultrabasic rocks. 

(b) Granites and pegmatiteB. 

(o) Bpidiorites (altered dolerites and gabbros). 

Towards Gie end of the field season 1920-1921, I found that there 
were two groups of sedimentary rooks with oontemporaneons lavas 
which were separated by a marked unoonformily, both of which in 


1 Hco. OboL XXXI . (19 04). 

" ■ “ ' • xxxyil, footnote p. 6ie, (1909). 


» Mm. Qtol. Stuns ItA, 

* Pne. Ariotic Soe. Btttgal, N, 8, 
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tbe part had been inoladed in the Dhanrar rooks of this area. This 
I confirmed and worked out during the following field season, and 
in my progress report of the season’s work suggested^ that the name 
’ Dbarwar ’ should be retained for the older group, which consists 
mainly of schists and quartzites of typical Dharwar aspect, and 
that the younger rocks should be termed the Iron-ore series until 
further work decided the age of these beds. The term * Iron-ore 
series ’ was used by Mr. E. Parsons and myself in discussions, and 
as a convenient field term for a considerable time, and in his des- 
cription of Indian iron-ores in 1922^, he has used the same term. 
This term will be used in this memoir in the form ‘ Iron-ore series ’. 

Dr. M. S. Krishnan* also reports the Iron-ore series in Eeonjhar 
State as overlying the Older Dharwars unconformably. 

The lower beds of this youngo* group in South Singhbhum consist 
of sandstones, conglomerates, limestones, shales, and a banded 
hematite-quartzite, all of which are of typical sedimentary aspect 
and almost nn-metamorphosed, and were at that time considered 
to be possibly of post-Dharwar age. Dr. J. A. Dunn*, however, has 
traced these almost unaltered sediments into North Singhbhum 
and has stated that they become very folded and take on a gradually 
increasing metamorphic character both along the strike and across 
the dip, until, to the north and west of Chakradharpur, the rocks 
become typical metamorphic schists whose lithologic characters 
are identical with those of the Older Metamorphics. He states 
that the Iron-ore series should be considered as part of the Dharwar 
system, and puts forward the following olas^cation : — 

5. Newer Dolerltee (nralitieed in pleoeo). 

4. Oranitee and granite-gneiMee. 

5. Ultiabaeie ignevui rock*. 

2. Iron-ote aeriee with the Dalnia voloanio 
the top. 

I. Older Metamorphio aeriee. 

> Bee. ML Bare. Ind., LIV, p. 41. (1923). 

• Jrtafoe Magatine, XXVT, (1922). 

* B. H. naeoe, Oeneral Report for 1926, Ste. Oeol. 8ur. Ind., LX, p. 77, (1927). 

« Mtm. CM. Aire. ImL, LTV, p. 11-12.'(1929). 
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If we take it for granted that Dr. Donn has proved that the rodcs 
of the Iron-ore series are of Dharwar age, thra my classification of 
the rocks of South Binghbhum is as follows: — 

Kewer Doleiite dykes and sills. Cnddapah. 

Ultrabano igneous intrusive rocks. 

Qranitio rocks. 

Shales with epiiUorites and ash beds. 1 

Banded hematite-quartzite with iron-ore bodies. I 

Shales with oooaaional thin sandstones and oaloaroous | The iron-ore 
bands. > series (Newer 

Limestone (in places). | Dliarwar.) 

Por^ sandstone with a basal oonglomerate in parts. I 
and sometimes with bands of oonglomerate. J 

Hornblende- and mioa-sohiats and quartzites. Older Dharwar. J 

I have placed tiiie ultrabasic rocks above the granitie rocks, us 
I have found several cases wlii^re they appear to be intrusive into 
the granites. 1 

Geological History. 

The Older Dharwar rocks arc the most ancient rocks foun<l iu 
the area, and they consist of quartzites and schists of sedimentary 
origin, wid hornblende-schists of igneous origin. These rocks have 
bSen subjected to enormous dynamic forces, which have folded, 
and tilted them in all directions, during which they have been 
hi^y metamorphosed, and have developed marked schistosity. 

It seems probable that most of the metamorphism of these rocks 
took place before the later granitic intrusion, because that intrus- 
ion has produced very littie metamorphio effect on the Iron-ore 
scries of Soutii Binghbhum. After these Dharwars had been partly 
denuded away and the area had become a marine area, the Iron- 
ore series, conristing mainly of shales and sandstones with limestone 
and oonglomerate bands and with a basal conglomerate in parts, was 
laid down on their upturned edges. During the time these beds 
were being laid down, there seems to have been a certain amount of 
up-aad-dowu movement of the sea bottom, a.s the basal conglom- 
erate does not appear everywhere and bands of conglomerate and 
sandstone also occur at various horizons in the Iron-ore series. 
During tins period of sedimentation, there were further periods of 

^ BoHi Dr* Dunn and I regard tbe ultrabaaio rooks of Singhbhiim m definitely older 
than the granitio rooks. Mr. Jones may have found an nltrabaaio suite oi dtSemot age 
from the mtrabasio rooks of Jojohatu and elsewhere in Oentral and North ftnghhiiiua ; 
Dr. Dunn expresses the view, however, that Hie dyke-like masses of nltrabaslo rook eoour- 

ring in Hw of Bonai may be large elongated inolosiqiiia ow roof-nendnats. 

L,L.Wmm0r. 
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igneous activity, more especially in North. Singhbhum when the 
Dalma volcanic series was extruded. In South Singhbhum \ariou8 
basic lavas and tuffs occur intedbanded with the shales of the Iron- 
ore series. After the Iron-ore series had been laid down, the 
area was again uplifted, and this was followed by a granitic intrusion 
which broke up and absorbed large quantities of the Dharwar rocks. 
This granitic intrusion raised rather than broke up or bent the rocks 
of the Iron-ore series to any great extent, but a certain amount of 
absorption and penetration did occur, as can be seen at Simjang 
(22"^ 26' : 85^ 45') and other places. Th(‘ puri>le sandstone, the 
limestone and the shale are all found in contact witli the granite at 
different places, which secerns to indicate that the lower beds in some 
parts had been largely absorbed, but the nuigma seems to have been 
fairly cool. The shales have a general dip away from the granitic 
mass, and possibly some of the folding and faulting noted is due to 
this intrusion. Following this granite intrusion was a period of 
considerable earth mo^ ement, during which the ultrabasic rocks 
were possibly intruded.' These earth movements resulted in the 
granite area being traversed by a big series of fractures running 
north-north-east to south-south-west with a minor series running 
north-north-west to south -south-east. Along the fractures, basic 
igneous rock was intruded and formed the Newer Dolerite dykes, 
which are such a marked feature of the area to-day. In the Iron- 
ore series Ihese fractures seem to run along the strike of the beds, 
and have gi^ on rise to a series of strike faults, along some of which 
dohiritic rock in the form of sills was intruded. In this Iron-ore 
series much of the basic rock occurs in the form of sills and lacco- 
Utes. At the same time, or very shortly after this period of basic 
intrusion, there was another period of earth movements, which 
caused extensive faulting in the west of the Kolhan Estate, and 
in Bonai State. These faults arc sometimes represented by lines of 
fault-breccia, in which the basic rock occurs both as fragments of 
the breccia, and also acting os a cementing material to the fragments. 

Tlie ultrabasic rock is certainly earlier than the Newer Doleritrc 
dykes, as near Bangra (22® 05' : 85® 09') in Bonai State, a basic dyke 
is seen cutting across a patch of ultirabausic rock. The ultrabasic 
rock is certainly intrusive into the Iron-ore series and apparently 
also into the granite. 

^ Boi see footnote on page ITS. 

C 
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OLDER DHARWARS. 

This series of rooks is the oldest in the area, and is found as small 
isolated^ irregular, highly metamorphosed patches, included in and 
caught up by the granitic rooks. The rocks often weather at much 
the same rate as the granite, and as they are often soft schists, the 
boundaries of the patches are often extremely doubtful, as they are 
often covered by a layer of soil. These rooks are also found over- 
lain by the basal beds of the Iron-ore series. This is indicated in 
the sketch sections, Figs. 2 and 3 on page 183. At times these 
patches are too small to be mapped, and as noted above, the bound- 
aries of these Older Dharwars and the granite is often hidden, and 
therefore the boundaries in some cases may be approximate on the 
map. 

No sequence could be made out in this group as the rocks occur 
in small isolated patches and whisps, which have been caught up, 
tilted, and in some cases penetrated by the granite. This is shown 
in Plates 13 and 14 . Dr Dunn^ records a case 2| miles south of Siringsia 
(22® 22' : 85® 43'), where the hornblende-schist intrudes the Dharwar 
quartzite as a dyke, and he therefore considers the quartzites as the 
earliest representatives of the Dharwars. 

The rooks are generally quartzites, hornblende-, mica- and 
chlorite-schists. The dip of these rocks, owing largely to earth 
movements, varies considerably, but seems to be generally in a 
north or north-west direction. They are often very highly folded, 
and sometimes are nearly vertical. Quartz veins sometimes occur 
in the schists. 

The quartzites and sandstones of this series are ^usually hard 
compact rocks breaking with a oonchoidsl fracture. They usually 
resist weathering bettor than the surrounding 
granite, and then stand up as small hillocks 
and ridges. The quartzite varies in colour from white to pink, 
brown or green, and occasionally has a red jaspetty appearance. 
Under the microscope are seen irregular round^ grains of quartz 
cemented together by secondary silica, usually white in colour. A 

^ MamHa^ report, GM. Burv. Ini., p. S, (IMS). 
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Qaartz-sericite-schists. 


little magnetite partially altered to hematite is usually present. 

Veins of secondary quartz of a white colour are common in the 
quartzites. 

A hard green iine>grained quartzite from near Burn Siringsia 

(22° 19' : 86° 41') is found to consist of small angular quartz grains 
that have suffered from crushing, with numerous small plates of 
the ^reen mica, fuchsite. 

Quartz-sericite-schists are fairly common, and one from the 
cast of Burn Siringsia is a pale greenish medium-grained rock 
which under the microscope is seen to be 

made up of very irregularly shaped quartz 

grains, which are much fractured and broken up. The groundmass 
and the cracks in the quartz grains arc filled with fine-grained seri- 
cite. A similar rock occurs underlying the Iron-ore series near 
Mungra (22° 15' : 86° 39'). 

Those quartzites in some cases have been largely broken up by 
earth movements, and later cemented by veins and stringers of 
quartz, so that in some cases, as in the hills east of Jahirpi (22° 15' : 
85° 42'), the quartzite is almost entirely represented by this second- 
ary quartz. 

The hornblende-schists are usually medium-grained, dark, greenish 
))lack rocks which w^eather at much the same rate as the granite and 
therefore make no surface feature. They are 
often caught up by the granite, which in some 
cases has forced veins and stringers of granitic material into them. 
The rocks consist mainly of hornblende and felspar, and one type 
collected from south-west of Nurda (22° 20' : 86° 44') is a dark green, 
medium-grained, tough schist, which the microscope shows to be 
made up almovst entirely of green hornblende with fine granules of 
magnetite. Another type collected from the west of Patahatu 
(22° 13': 85' 41') is a dark, greenish grey, schistose rock which is 
found to consist of liornblende, nearly colourless pyroxene (diop- 
side), some quartz and kaolinised felspar. Associated with the 
hornblende-scliist at this locality is a quartz-epidote-rock. It is 
a bright yellow-green, fine-grained rock, and is mad^ up of granular 
quartz and epidote. 

The chlorite-schists are usually weathered and decomposed at 
the surface and therefore do not seem to be abundant. In the Deo 
river, near Mungra (22° 16' : 86° 39'), bands of 
chlorite-schist occur in the hornblende- 

O 2 
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•dmt. Tin Tock wlwB examined iritik the aneroBeope riKms pafe 
green cUerite witk » lew gramilee ef ^wgnetite. 

The mica-schists when exposed are almost always very deeom- 
pvaed. They am usualfy ooarse-graiBed and very friable. They 

^ ccnnet of muscovite and biotite with seme 

Jllica-iclilsts. . j . 1 

^pmortz and felq^. 

Steatite-schists are seen associated with honublende- and ohlorite- 
Mhista to the sooth-eaet of Bara Mirgilindi (32** 17' : 85° 42'). The 
strike and dip of tJie schists at this point is 
** * ** * * somewhat variable, bnt they seem to strike 
gmierally nortib-west to south-east and dip about 40° to the south- 
west. Steatite-schists also occur on the north side of the b^ valley, 
SBS mile soath-west of Murda (22° 20' ; 85° 44'). The rock is pale 
gmy m colour, «id has a soapy fed. When examined with the 
microscope, it is found to be made up of granules and fibres of miero- 
Cfystalline steatitic material. Another occurrence is near Sniamba 
(22° 02' : 85° C8') where the roek » grey in colour, fine-grained and 
has a soapy feel. Under the micfoseepe tlte roek is seen to be made 


Steatite* (chists. 


up si minute steatitie material. 



(mPTBB IV. 

THE fRON-ORE SERIES. 

Qeiiend Oeolo^. 

The group of strata known as the Iron-ore series, has in the past 
been included in the rocks of Dliarwar age, but as noted on page 
176, there is no doubt that the term Dhaxwar 
rockV* ” ill this area has in the past included two dis- 

tinct sedimentary groups. This is well seen 
in the Deo river near Mungra (22° 16' : 85° 39'), about two miles 
north of Jagannatkpw. The basal bed of the Iron-ore series at 
this poiat is a oongkanerate about eighteen inches thick, and it is 
seen resting in a nearly horizontal position on the steeply ineliaeii 
Older Dfaarwar hornblende-schists and quartzites, and also on the 
fnaoitic rocks. The following sketch section (Fig. 2) across the rivar 
at this point gives it in diagrammatic form. The granite has caught 
up and penetrated the schists in all directions. Plates 13 and 14 
s^w this, and Plate 15 shows the nearly iKwizontal oonglomerate 
resting on steeply inclined Older Dharwar rocks, which consist 
oi horubleude-sdiists and quartzite. 


W.W. ^ S.E. 



Fw. 2. — Sk«tot seotkm, Dfo rivtr, ju«t north of Mungra village. 

A somewhat similar section is seen in the hills south-east ol 
Knohra (22° 16' : 85° 40'), and is shown diagrammaticaDy in Fig. 3. 


S.W. N.E. 



Fia. 3.— Sketch aouUuu, three-quarteia of a mile aouth-«a8t of k-zu.!..,. 
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The Iion-ore eeries in South Singhbhum has been divided as 
iollowB, No. 1 being the oldest bed: — 

6. Upper shale with epidiorites and ash beds. 

4. Banded hematite-quattzite, with iron-ore. 

3. Lower shale, with occasional thin sandstone and calcareous 
bands. 

2. Limestone. 

1* Purple sandstone with conglomerate in parts. 

Dr. Dunn ^ has described the Iron-ore series in North Singhbhum, 
but states that no equivalent divisions of the series can be made 

Comparison with ®^*®® ‘^“® 

North Silishtbnni. to the severity of the earth movements which 

have taken place in the north ; but the essent- 
ial reason is that in South Singhbhum the period was one of practic- 
ally continuous sedimentation, whilst in North Singhbhum acute 
vulcanism took place during the latter part of the period. 

There was a certain amount of volcanic action in South Singh^ 
bhum during the latter part of the period when the upper shales of 
the Iron-ore series wore being laid down, and it was during this 
time that basic rock was poured out and ash beds laid down. 

Although the divisions shown above are fairly well marked, they 
are by no means absolutely constant ; shale beds, for example, 
occur at times in the lowest purple sandstone ; sandstone bands also 
occur in both the lower and in the upper shale bands. These, 
however, are usually thin and impersistent, and too small to be 
mapped. The upper and lower shales are very similar in litholog- 
ical character, and it is very difficult to distinguish between them, 
except when in contact with the banded hematite-quartzite. 

The beds of the Iron-ore series immediately to the south of 
Chaibassa (22® 3o' : 86° 48') are little disturbed, and have a fairly 

Folding and faoHing. Near the granite bound- 

ary to the south of Chaibassa, the basal 
beds of the Iron-ore series dip gently away from that boundary. 
To the west of the Karo river, however, they have been con- 
siderably disturbed, but have a general N. N. E. to S. S. W. 
strike, and dip generally in a W. N. W. direction at a high 
angle, about 70°. Acute folding is common, and is often seen in the 


‘ Mem. Ceph Snrv. Ind., DV, p. 17, (1929). 
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banded heinatite-qiiart 2 ite. It occurs also in the shales, but owing 
to theii soft» nature examples of this are not so often seen. 

Faulting in the shale country is often indicated by numerous 
sliokensided surfaces, but it is impossible to trace the faults for any 
distance, owing to the soft nature of the rocks, and to the covering 
of soil which is usually present. 

The general structure of the Iron-ore series in the southon part 
of the iron-ore area is an asymetrical synclinorium pitching towards 
the north. This is well seen towards the south end of the iron-ore 
area in Bonai State. The west arm of this synclinorium is sUghtly 
overfolded and dips at about 70° towards the west, whilst the east 
arm is complicated by folding, but has a general dip of, say, 45° in 
a westerly direction. This synclinorium pitches towards the north. 
Near the Singhbhum-Keonjhar boundary and towards the north, 
the structure becomes obscure owing to excessive folding, faulting, 
and largely to the covered nature of the ground. The structure is 
generally only to be made out where the banded hematite-quartzite 
is exposed, as the shales are too soft to give continuous exposures, 
and they are usually covered with a mantle of soil. 

The banded hematite-quartzite forms the back-bone of the main 
iron-ore range and stretches across country in a N. N. E. to S. S. W. 
direction from, say, near Gua (22° l:i' : 86° 23') to just north of 
Chendongra (21° 43' ; 85° 06'), a distance of about thirty-five miles. 
This banded hematite-quartzite is in the west arm of the synclin- 
orium and just north of Chendongra the outcrop bends round to 
the east and swings away to the north-east to form the eastern arm 
of the synclinorium. The outcrop of the banded hematite-quartzite 
in the east arm is much wider than in the west arm, owing partly to the 
flatter dip, but also to the more pronounced folding that has taken 
place. The newer shales rest conformably on the banded hematite- 
quartzite, and occupies most of the space between these two arms. 


These rocks in South Singhbhum have been comparatively little 
affected by metamorphic action, but there is no doubt that as one 
proceeds from the south of Singhbhum towards the north and north- 


Metomorphism. 


w'est, the shales become much more phyllitic 
in character, and were first referred to by me 


as the Upper and Lower slaty shales, as I first encountered these 
locks to the south of Chaluadharpur, Goilkera and Manhatpur. 
In the south the rocks are typical shales, but from the neighbourhood 
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of, flay, Ghbotia Nagna (22° 14' : 85° 19') asd Mavaag Fongs ■(22* 14' : 
86° 14'). tlw rooks become dutiactly idiyUitic in character ; the -ord- 
inal bedding in the shale often becomes obscured by aa incipient 
cleavage and the bedding can only be deternniied by d i ffareat 
coloured bands in the shale rock. To the south of ManhaifW, 
chloritic phyllites are abundant. 



CHAPTER^V. 

THE IRON-ORE SERIES— conl^f. 

The Purple Sandstone. 

Over most of the area between Chaibassa and Jamda (22° 10' : 
86° 26'), the Iron-ore series sliows very little distarbance, and usually 
has a low dip to the north-west. The basal bed of the series is a 
nearly horizontal well-bedded, purple-grey sandsto;^, sometimes 
showing ripple-marking, and varying in thickness up to about 80 
feet; but in parts it becomes a very striking conglomerate, consisting 
of well-rounded and some angular pebbles up to two inches in diameter, 
of white or clear quartz, and bright red jasper, with a few pebbles of 
banded quartzite in a dark purplc-grcy, often furruginous sandy 
groundmass. No granite pebbles were found in the congkwnerate. 

This basal bed is usually a moderately soft rock, but is less easily 
weathered than the uuderlyiug granitic rock, or the overlying lime- 
stone, and hence usually forms a low scarp or series of small hdlocks 
which can be traced for many miles. The conglomerate is coarsely 
jointed at times in throe directions nearly at right angles, which 
cause the rock to break up into large rectangular blocks which is 
well seen in Plate lb. This conglomerate is not always present as 
a basal bed and similar thin bands of conglomerate and coarse 
sandstones oexiur at different liorizons ui the purple sandstone, which 
shows that there was a certain amount ol oscillation taking place 
in the level of the sea floor whilst those rocks were being deposited. 

The sandstone is a moderately soft, medium to fine-grained rock 
of a purple-grey colour, with abundant white grains of kaolinised 
felspar. 

The microscope shows it to be made up of well-rounded grains of 
quartz and felspar, each grain having a thin coating of hematite, and 
the whole being cemented together by silica and ferruginous 
material. The felspar is rather kaolinised, and a few grains of 
magnetite or mctuUic-lookiug hematite occurs. 

The relation of this sandstuue-couglomcrate to the granite is 
striking, as the contacts arc often practically horizontal and the 
beds conform generally to the granite surface. 
€tffl}eiis. ofteu appears as if it had been laid down on 

the granite surface, but the absence of pebbles of granite in the 
conglomerate and the gentle dip away from the granite is against 

( 187 ) 
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this. That a certain amount of abeoiption and contact metamoi* 
phim has taken place is seen in the exposure in the river valley 
just west of Simjang (22° 26' : 86° 46') (see Plate J ( ). Here nearly 
horizontal purple sandstones with thin conglomerate bands rest on 
the granite, but for a distance of about ten feet above the granite 
contact the sandstone has been altered to a pale grey colour and at 
the actual contact there is a thin quarter-inch to two-inch layer which 
has been recrystallised to a coarse granitic texture. The granite hr s 
also penetrated very slightly into the sandstone and appears to have 
been gradually absorbing it, whilst small patches of the sandstone- 
conglomerate are seen enclosed in the granite just below the contact. 
Plate 16 shows the thin layer of metamorphosed sandstone at the con- 
tact with the granite. This metamorphosed sandstone is much haider 
and paler in colour than the purple sandstone. Microscopic examin- 
ation shows that the well-rounded character of the quartz and fel- 
spar grains have largely disappeared, owing to secondary silicification. 
Most of the hematite that occurs in the ordinary purple sandstone 
has also disappeared. An occasional 8akc of mica occurs. 

The granitic rock near this point is a medium-grained gicjish 
rock consisting of quartz, orthoclase, plagioclase, and muscovite. 
The granite at the contact seems to be a very similar rock but the 
muscovite seems to have been largely replaced by powdeiy hematite. 

That the granite has in some cases penetrated the Iron-ore serier 
to some extent, is well seen near the top of the small hill just west 
of the sixth milestone on the main road from 
Iron-ore Chaibassa to Jamda. Here the purple sand- 

stone of rather pale colour, which rests on the 
granite, is seen to be penetrated by numerous granitic veins. Also 
near Bandijari (22° 26' : 86° 41'), some four miles from the main 
granite-Iron-ore series boundary, is a small boss of granitic rock 
which seems to have pushed its way through the basal beds and into 
the lower shales of the Iron-ore series, and bent them at this point 
into a small anticlinal told. It appears, however, that generally 
the granite lifted the Iron-ore series slightly, rather than forced its 
way through them to any large extent. 

Overlying the purple sandstone comes a band of grey and purple 
limestone, which passes through calcareous shales to a great thick- 
ness of purple and grey slaty shales. 

The sandstones often contain secondary veins and stringors of 
unhltrated quo^ brought in by silica-bearing solutions. 



CHAPTER \L 


THE IRON-ORE SERIES—conrf. 

Limestone* 

The limestone, which is often cherty in character, ip best exposed 
to the south of Chaibassa, where it ocenrs as a well-bedded rocb 
« ... along the Gomua river valley, dip]>ing at a 

low angle to the north-west. Being compar- 
atively soft, it has been largely denuded away, and is now seen as 
patches along the river banks and sides of the \allej. Although 
there is a marked change in the character of the lock, tlic limestone 
is conformable to the underlying purple sandstone. It can seldom 
be traced over any great area, and often occurs as \ery ^mall patches. 
There seems to be no doubt that these limestones arc sedimentary, 
but whether they were formed organically, or by (homical precipita- 
tion i.s doubtful. In some places, such as west of Jagannathpur 
(22^* 13' ; 86® 38'), the limestone seems to have been absent, as 
the overlying shales rest directly on the purple sandstone. The 
accual limestone has a thickness of about 40 feet, but it j asses up 
into calcareous shales. The rock is usually very line-grained, and 
varies from a massive to a flaggy, fragile rock. It is occasionally 
quarried and used for making lime, but it contains up to about 
12 per cent, of insoluble matter, consisting of quartz, and chloritic 
material, and the rock is often cut up by thin quartz veins. The 
rock varies from a grey to a red-purple colour, and is often of a 
shaly or schistose character, containing thin films and layers of 
chloritic matter. 

A specimen collected from near Eondoa (22® 24' : 86® 44') jb a 
nearly white, granular, schistose rock which is found to be made up 
Kondot minute elongated granides of calcitc. with a 

little granular quartz scattered through the 
rock. Another specimen collected from the Deo river, about five- 
eighths of a mile north of Mungra (22® 16' : 85® 39'), is an extremely 
fine-grained, pale greenish grey, compact rock, which shows thin 
partings of micaceous or chloritic substance. Ibis, when oamined 

( m ) 
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with the microscope, is found to be similar to the rock which was 
collected at Kondoa, but the grains arc extremely minute. A 
specimen collected from Just north of Simjang (22° 26' : 85° 45') is 
of the purple and rather schistose variety, and one from the hillock 
near Lipuabassa (22° 27' : 85° 46') is rather a gneissic-looking rook, 
consisting of white granular patches with irregular bands and 
films of dark grey micaceous or chloritic substance. This rock is 
found to be rather coarser-grained aud more siliceous than those 
previously described. It also contains some powdery magnetite 
altering to hematite. The rock appears to have undergooe a certain 
amount of strain, which has resulted in the breaking up of scans of 
the calcite into rough cleavage rhombs, which have later been 
cemented by silica. This indicates that the quartz in these lime- 
stones is secondary. 

The limestone is well exposed near Sosopi village (22° 22' : 85° 44'), 
where it forms a small hillock. The beds have a low dip of about 
„ 5* to the north-west. The rock varies in 

colour from reddish purple to greenish grey and 
is very impure, having grey chloritic material running through it 
in ban^, and also scattered through it in irregular fashion, in addit- 
ion to which there are numerous thin quartz veins. 'Tlie lime- 
stone here is seen to be underlain by dark purple sandstone and 
conglomerate, having the same low dip to the north-west. Two 
exposures of the limestone are seen about two miles north-west of 
Jagannatbpur (22° 13' : 85° 38') aud the following sketch section (Fig. 4) 
gives an idea of the geological structure at this point , one of the 
exposures is a small inlier in a stream bed and has possibly been 
brought up by a small fold. 


N.W, 


S.£. 



The average eompositiom of the limestcme is shown helov u 
determined bom jiilMnit sixty samples oodlected assayed by tbs 
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T»l» iron and Steel €o., Ltd., 
fignm 



wko kindly gave me the followiBg 


Pev eenl 
50-58 
0^53 

0-88 

39-78 

8-29 


I'OTAL 


jooeo 


The amount of magnesia is very low in all cases, and varied from 
a trace to a maximum of 0*88 per cent. 

Small outljdng pat<;hes of the limestone are occasionally found, 
but these appear to be more siliceous than the main exposure. 
In fact, Kmestone 8(‘enis to he more abundant than is apparent 
from surface features. In the course of excavating a well at the 
Jamda District Board bungalow, a band of limestone was encount- 
ered, although there is no sin face indication of any limestone near. 

Banded limestone also occurs on the slope of a small hill about 
a mile due west of Jhargaon (22° 03' : 85° 23') in Keonjhar State. 
The hill consists of banded hematite-quartzite with a capping of 
hematite. This is the most southerly point at which limestone has 
been noted. 

Between these two points, magnesian limestone has been en- 
countered dxiring prospecting and mining operations in the hills 
north-east of Bilkundi (22° 08' : 85° 24'). 

Another patch occurs as a band running across the bed of tlie 
Karo river, about a mile north of Ghatkuri (22° 18' : 85° 24'). No 
actual contact with other reeks was seen, but 
the band has the usnal north-east to south- 
west strike of the surrounding shales. Owing to the ground to 
the sotith-west being covered, the extent of the band could not he 
traiced. The baud shows no bedding, and it is rather iiiassiTo. 
The rock is of a dark bluish grey colour, hard, fine-grained and 
compact, and is very much cut up with small quartz veins. Exjiiu- 
ined with the microscope, it is found to be made up of cstn-nn ly 
minute grains of calcite with thin veins of white quartz. 'i he 
rock effervesces briskly in cold dilute acid. 

The patch which occurs to the south of Patang {22'' 23' ; t'S" 24') 
is much more extensive than the Ghatkuri patch. It is well seen 


Patug. 


in the bed of the Karo river, where it appears 
to be about 800 feet thick. Both above and 
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below the limestone, there appean to be shale, and the one seems 
to gradosUy pass into the other without any sharp line of 
demarcation. The band strikes W. N. W. to E. S. E. and dips 
about 70° to the N. N. E. Following the band to the east, 
it forms a series of fairly high, somewhat rugged hills, and 
seems to gradually pass into shale. In parts the rock seems to 
be much bent. The limestone is very variable in character, but 
is mostly of a pale grey to a blue*grey colour, sometimes with darker 
bands of chert interb^ded with it. The rock is very much cut 
up by small ramifying veins and veinlets of white quartz as can 
be seen in Plate 17, fig. 1. Some of the bands have small crystals 
of iron pyrites scattered through them. Towards the top of the 
hill the limestone seems to be less siliceous, and to contain fewer 
of the chert bands. The limestone is a magnesian one, and may 
be termed a dolomite. Under the microscope it shows the usual 
grains, which have a brownish tinge, fitted together along irregular 
lines, with variable quantities of chert in irregular shaped patches. 
Penetrating into these chert patches, rhombohedral sections of 
dolomite ( ? siderite) are sometimes seen, these often show zoning, a 
dark centre being surrounded by a clearer border. The silica forming the 
chert is an interlocking mass of quartz individuals of varying degrees 
of fineness and contains numerous minute needles. These zoned 
crystals penetrating into the cherty silica are seen in Plate 3*i, 
fig. 2. 

The chert associated with this limestone is an extremely fine- 
grained, hard, compact, dark grey rook, with a few thin veins of 
white quartz. Under the microscope it is found to be made up 
of very fine grains of quartz, throughont which aie scattered numer- 
ous e.Ntrcmely minute needles, and also some fair-sized, zoned 
rhombohedral crystals of i siderite. This is shown in Plate 30, 
fig. 1. The quartz veins ate clearer than the rest of the rock, 
hut contain some of the dolomite, which however seems to have 
undergone some corrosion or solution, previous to the deposition of 
the quartz. 



CHAPTER VII. 


THE IRON^RE SERIES— ccn/</. 

The Lower Shales and Phyllites. 

The lower shalee arc well exposed between Ohaibasea and .lagan- 
nathpur (22® 13' : 8P° 38'). It was noted in the last chapter that 
the limestone often gradually passes upwards into calcareous shales, 
which in turn gradually pass into true well-bedded shales. In 
addition to the calcareous bauds, the shales often have lenticular 
hands of sandstone and conglomerate running through them. These 
sandstones are sometimes felspathic; they are usually thin, and can 
only be traced over a small area, 'fhc shales usually have a purple 
colour, but higher up in the grouj) they become buff, grey and 

white in colour. Where the limestone is absent, as in the area 

south of Jaganuathpur, the purple sandstone is overlain directly by 
the shales. Theic is a big thickness of these shales, but owing to 
the folding in the rocks which is largely hidden by the covering of 

soil, it is not po.s.sible to give a reliable figure of thickness. The 

shales are usually soft and finely laminated over most of the area 
under description, but in the north and north-western parts of the 
area, they often become phyllitic in character, and show an incip- 
ient cleavagt' which runs at a fairly high angle to the bedding. 
At times the shale is ferruginous, and when this is the case, it alters 
extensively at the surface, and more especially at the tops of hills, 
into lateritic material, which in some cases by further alteration 
have resulted in hematite iron-ore bodies, such as occur near 
Barabil (22® 07' : fifi® 2-1'), Guali (21° 69' : 85° 17'), Bhadrasai 
(22® 03' : 85® 24'), etc. The shalea seldom make any surface 
feature, and usually occupy the low ground, except when they have 
been silicified or when capped by iron-ore or lateritic material 
which acts as a protective covering, and being soft they are easily 
disintegrated to form a layer of soil, so that in the low ground their 
structure and character are largely hidden by soil and debris. 

Jointing is sometimes very marked, and is well seen to the west 
of Paainpi (22° 17' : 85° 39'). The shales at this point strike in 
. . .. . , a east-north- easterly direction, and dip 18° to 

g an c avage. Joints are seen running north 

( IW ) 
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to south, and W. N. W. to E. S. E. and secondary joints running 
east to west. 

The shales usually split along the bedding planes, hut towards 
the north of the area, cleavage is ako well developed, and often 
runs nearly at right angles to the strike and dip of the original 
bedding in the shales, as is indicated by the bands of different 
colour in the rock. 


Calcareous shales, occurring as a small anticline, are seen near 
Pasea (22® 17': 85® .V'). The ground is largely covered, I nt the 
sonthcru arm of the anticline di})S about 10® 
areants a a. south-east, and the northern arm about 

30® to the north-west. When \newcd from a distance, the bedding 
is easily distingnished owing to the typical limestone weathering 
which the rocks take on ; but when examined at close quarters, 
bedding is ditticult to make out, because a very marked cleavage 
dipping to the north has been developed. The rock is extremely 
fine-grained, and is made up of fine, calcareous and argillaceous 
material with minute scattered grains of quartz. 

In the river just S. S. W. of Chalpagara (22® 21' : 85® 37') 
a band of calcareous shaly material is exposed in the purple 
shale. It weathers like a limestone, but on breaking it, it spUta 
into thin shale-like fragments. 


A somewhat similar band, which is largely cut up by qoaiia 
veins, occurs in the Koro Gara to the east of Kariahatu (22® 28' : 
85° 38'). 

There is a persistent calcareous shaly band high up in the shales 
uear Jetia (22® IG' : 85° 34'), and tMs can be traced f(» about eig^t 
miles in a north-east to south-west direction, after which it appoam 
to die out. This is possibly the lower calcareous shale brought 
up by folding, but beyond some small local folds, the ground » 
too covered to make out the structure at this point. 

Bilieification ot the shales a very widespread, and in some cases 
is certainly of later age than the Newer Dolerite dykes, and is 
evidently doe to percolating siliceous sohilaoim. 
ol the infiltration of tihceeus material baardem 

the reek, and heips in the femation of faiOloekB. 
The pimple sbaie near Dandonga (22® 28' : 85® 43'), north of Dekata 
( 22 ® 24 ' : 86® 44^)v shawa tins silicifieatiou particular^ wfil, and 
the white ' qaavlB wmrthe r e d out of tiie slnde, which is found lying 
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all over the surface, is somewhat cellular, but retains to some 
extent the original shaly character. 

Where conditions have been favourable, iron and manganese 
material has been brought in by meteoric waters, and replaced the 
shale material, and in some cases has segreg- 
oxldM ?a thcT^shalM! formed deposits which are of some 

economic value. Such deposits are being worked 
west and south-west of Jamda (22® 10' : 86® 26'), where the ore 
occurs in irregular lateritised patches in the shales. The laterite 
is often pisolitic, especially in the low hills west and south of 
Barabil (22® 07' : 86® 21'), where it is worked as an ore of both iron 
and manganese. 

Observations in various parts of the area, in mine workings, 
and in some of the borings at Noamundi, show that the shale at 
times gradually becomes more and more ferruginous, until even*- 
tually it passes into ore containing well over 00 per cent, of iron, 
and forms some of the important ore-bodies of the area. There 
seems to be no doubt that this ore has been formed by the action of 
meteoric waters carrying ferruginous matter, which has replaced the 
original shale material by iron oxide. 

In the hills round Jamda there is a considerable amount of this 
replacement. The manganiferous replacement is indicated on the 
Jagaiinathpur- Jamda road, and on the Jamda-Jaintgarh road by 
the dark blue-black soil. Similar dark soil occurs in some of the 
cuttings along the Baraiburu-Gua road, and the hills between 
Haraiburu and Gua have been largely prospected for manganese- 
ore. This prospecting has revealed irre^ar segregations of mixed 
LToii' and manganese-ore, from which a certain amount of first 
grade manganese-ore can be obtained by hand picking. Some of 
the mixed ore has been used by some of the mining companies as 
a manganiferous iron-ore. 


P 



CHAWBR VIII. 


THE IRON-ORE SER(ES-^nt<{. 

The Banded Hematite-Quartzite. 

These handed rocks are very striking, and consist of inter* 
banded layers in varying proportions of iron oxide, silica, and com- 
binations ol the two. The silica at times is crystalline, and at 
uthers is cherty. The chert, however, is not truly amorphous, but 
tfoiuuts of fine interlocking grains of quartz. At times the silica 
is red and jaspery, and thk red jasper often forms a large proport- 
ion of the rock. The iron oxide is usually hematite, but sometimes 
onbes and octahedra of magnetite and martite occur. It is in 
these banded rocks that most of the iron-ore bodies occur, and all 
gradations between them and iron-ore ate found. 

The nmUarity of these banded rocks to the jaspilites described 
by Dr. C. B. Van Hise and Dr. C. E. Leith in their monograph on 
* The geology of the Lake Superior Region’*, was early recognised by 
me, and this was confirmed when I visited the Lake Superior iron- 
ore area in 1927. 

Mr. G. H. Weld in his description of * ‘ The ancient sedimentary 
iron ores of British India ’ says on page 436 : — 

‘ Thesr rocks range from pure dense quartzite on the one hand to pure 
tnaasiTe iron ore on the other, every conceivable gradation between the two 
extremei being found at some point or other and often within the sane area.' 

Also on page 437 he says: — 

' As a rule the ore-bodies do not have sharply defined walls : ore and silieeona 
buided ferruginous rocks grade one into the other.* 

He also states on page 462: — 

* They are strildngly like the jae-Cambrian iron oree of BraziL In fact, one 
is almost tempted to apply the Brazilian term ikibiriU to the qnartz-iron ore beds, 
jaadinga to the laminated and mkaoeons ores ooonzring vdthin {diyllitea, and 
tmga to the surface accnmulations of mbble-ore float and rich laterite.’ 

^ a s.atoL am., Uoa ui, (mi). 

* Earn. 4S5*S62,(t91fi). 

< m ) 
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Dr. Fermor^ has Biiggested in deBciibing aimilar looka {com tbe 
Jubbulpore district, that these rocVs should be called banded hematite* 
jasper or banded hematite-quartzite.® Dr. Percival* has used the 
term banded hematite-jasper , but the term banded hematite^quartzitc 
has got into such common usage in the iron-mining areas, and has 
been generally used in previous publications, that I propose to 
continue its use in this memoir. 

Owing to their hardness, and partly to the comparative insol- 
ubility of the iron constituent, they resist weathering, so they arc 
usually the most conspicuous rocks in the iron-ore area, and arc 
often found forming steep cliffs, in \^rllich the bands of material of 
different colour, immediately attract one's attention. The bands, 
which are often very regular, varj’ from mere partings up to several 
inches in thickness, and in colour from white to lavender, grey, 
bright red, brown, black, etc. The difference in colour is due to 
the varying amount, and to the character of the iron present. The 
bands of hematite, although generally fairly regular, are found to 
thicken and thin out at times. The character of the siliceous 
bands varies considerably, some consisting mainly of chert of nearly 
white to brownish red colour, others compact dark grey to reddish 
grey, consisting of powdery magnetite and hematite in silica, others 
rather coarse-grained, and others containing abundant glistening 
crystals of magnetite or mariite. 

Minute octahedral crystals of magnetite occur in some of the 
bands, but they are almost always partly altered into hematite ; 
however, in some cases, the crystals are non-magnetic, and tbe 
mineral is martite. The surface of a band which contains these 
crystals is often rough owing to the small shining crystals projecting 
from the weathered surface. When the crystals weather out, 
they are found as perfect little octahedrons in crevices or in the 
sand at the foot of a scarj). These rocks are often traversed by 
white quartz veins, and sometimes by thin veins of hematite. 

When ox])Osed at the surface, the siliceous bands may be 
leached away for say a quarter to half an inch, leaving the 
hematite bands standing out as ridges. The thin veins oi 

1 Mtm. Chd, Syrv. Ind., XXXVU, p. 808,(1909). 

*He ffives also an account of the microfloopio characters of the hematite-jaspers 
ol the Juobulpore district, which can be usefully compared with the description of the 
similar rooks of Sinffhbhum givea below. The nmils^tT is reiy close. A photograph 
id a specimen of banded hematite^uartzite is aiven in Plate 9 of the same memoir. 

* I'rafts. Min. Qtid InsL Ind,^ p. 190,(19Sl). 

o2 
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hematite noted above as sometimes occtuxing in these rocks, are 
left joining the bands of hematite when the silioa is dissolved away. 
The total thickness of the beds is dilKcult to estimate, but in the 
main range in Singhbhnm, there must be about a thousand feet, 
whilst in Bonai State in the Eorhadi river section, there is about 
a thickness of three thousand feet exposed. 

The siliceous bands when examined under the microscope are 
found to consist mostly of crystalline quartz, usually extremely 
fine-grained, but of varying degrees of fineness. When sufficiently 
coarse, the quartz often shows undulatory extinction. Through- 
out the cberty silica are scattered occasional crystals of martite, 
powdery hematite, and flakes of red crystalline hsmatite. Some 
of the bands have a ))ecaliaT elongated speckling which is found 
to be due to crystals of magnetite or martite being arranged or 
growing in an elongated bunch, and being surrounded by a zone 
of clear quartz. The quartz round the iron oxide is generally 
coarser-grained than that forming the rest of the rock. 

The red jasper bands vary from brilliant red to deep reddish 
brown in colour. Under the microscope it is found to be made 
igip of grains of cherty silica full of powdery and minute flakes of 
brilliant blood-red hematite. An occasional crystal of magnetite 
or martite may be seen, but some of the bands show a considerable 
quantity of these crystals. This is well seen in Plate 30, fig. 3. 
^me of the chert bands are full of minute rounded granules. 

Occasional rhombs of clear, rather coarse silica occur in these 
rooks, and probably represent pseudomorphs after some original 
carbonate in the rock. Similar occurrences have been recorded by 
Dr. P. A. Wagner ^ in his description of the iron deposits of the 
Union of South Africa, and Dr. Percival* has noted their occurrence 
in similar rooks at the Noamundi mine. 

In my progress report^ for 1918-19, I recorded the occurrence 
of rhombohedral crystals in some of the chert bands, and referred 
to them as dolomite. Dr. E. Spencer recently drew my attention 
to some of these crystals, which be had come across in some of the 
cherts of the iron-ore areas being worked by Messrs. Bird and Co. 
lie states that from chemical analysis he has proved them to be 
siderite ; he also showed me some thin sections of the rock which 

* Ged. 8u*v. Union South Africa, Hem. 20, u. 61. (1928). 

» iee. c*.. p. 221, (1981). 

* ICuituoripS iep<^ Oeat. Surp. Ini., (1919). 
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he had heated foi some hours, and in which the practically colour- 
less eiderite had been converted into black, metallio-looking, powdery 
iron oxide. 

This BOggests that some of the iron in these banded hematite- 
quartiitee was originally in the form of iron carbonate. 

A peculiar greenish variety of banded rock was noted near 
8asangda. It consists of brownish ferruginous bands alternating 
with whitish grey and greenish bands. Under tbe microscope it 
is found to consist of bands of chert containing magnetite with an 
idiomorphic tendency, and thin crystal plates of hematite together 
with powdery hematite. The greenish bands are of chert, which 
is full of small granules having a greenish tinge. 

The rock is often very contorted, and the bands of hematite, 
chert or jasper are seen to thin and thicken, or even to pinch out 
altogether, owing to this folding. Hates 18, 19 and 20, give an 
idea of the tremendous folding that some of these rocks in the area 
have undergone. At the apex of the folds, the rock in some cases 
opened up, and the spaces have been filled up with white quartz. 
Some of the minute folding or crumpling, which is very common 
in these rocks, and which can often be seen in hand-specimens, 
may be due to stresses produced locally, during the solution or 
replacement of the silica, and may not be due to the folding 
which produced the broad syuclines and anticlines in this area. 

There is a considerable literature on the origin of similar banded 
hematite-rocks in diderent parts of the world, but none of the 
theories put forward have been generally 
hf miini” accepted to explain the thin alternations of 

silica and iron oxide, and the work done in 
this area has not been sufficient to elucidate the problem. Dr. 
Percival^ in his description of the iron-ores of Noamundi has given 
a summary of the various suggestions that have been made regard- 
ing the origin of these rocks. 

It is generally accepted that the rocks are the result of chemical 
precipitation, but the conditions under which this precipitation 
took place is still uncertain, although it is generally assumed that 
the precipitation took place under marine conditions. The absence 
of indications of ordinary mechanical sedimentation in these rocks 
is noticeable. 

* Loo. oiL, pp. 220-234, (1931). 
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The iKwka at the pmut time, ate imdoidMedly iR a different 
cmiditiQii from that m trliieh they were otigiiially deposited. Hhnilar 
rocks in tiie Lake Superior area have been i^own to have been 
denved fnmi banded sidetitic cherts ot sidetitio shales. Dr. 
Wagner^ says ‘it appears teasonable to assume that the carbonate 
was siderite 

In additicm to the siderite, some of the cherts of the Lake Superior 
region contain minnte granules of a pale green ferrous silicate 
known as greenalite.* 

Bacteria and algae have been suggested as assisting in the pre- 
cipitation of the iron and silica, but no indication of this has been 
noted in this area. 

Some of the iron in these rocks may have been precipitated as 
ferrio hydrate. This seems to have been the case in the hematite 
deposits of Brazil. It is stated ® that ‘ Itabarite and bedded ore 

were formed together under similar conditions Iron 

oxide in ores and itabarite may have been deposited originally as 
(o) ferric hydrate, or as (h) iron carbonate. The first of these 
appears to be the more probable hypothesis. ’ 

Most of the iron-ore of the area occurs in the banded hematite- 
qavirtzlte rocks, and th’s will be described together with a discuss- 
ion on its origin, in the section deabng With the iron -ores, but 
mention may be made here of the occasional occurrence of small 
lenses or patches of ore in these rocks. At times these are large 
enough to be worked by hand-mining, but it should be home in 
mind during prospecting work, that a small lens of this type may 
give rise to a considerable quantity of hematite debris, which might 
give the imfwession of the presence of a large body of iron-ore. 



CHAPTER IX. 


THE IRON^RE SBRIES—coirfd. 

The Upper Shales and Breccia-Conglomerate. 

There seems to be very little difference in the charaetor ct the 
upper and the lower shales, and I have only been able to distinguidi 
them when they are actually seen to be overlying or underlying 
the banded hematite-quart? ite. These upper shales are of consider* 
able thickness, and overlie the banded hematite-quartzite conform- 
ably, and seem to have undergone similar folding and tilting. These 
shaJes, as in the case of the lower shales, become metamorphosed 
in the northern and western part of the area under description, 
but nowhere do they become a true slate, as the easiest parting is 
usually parallel to the bedding ; but an incipient slaty cleavage is 
seen in the rock. The rocks vary considerably, although the main 
mass is shale or phyllite, but the variations in the shale is often 
only due to colour. The colour of the shale is usually buff or 
reddish purple, but varies from white to grey, black, green, yellow, 
red, etc., and in texture it varies from a soft powdery kaolin-like 
clay to a hard siliceous rock, and from a typical shale to a glossy 
phyllite. 

The shale contains a band of breccia-conglomerate, which is 
well exposed to the west of Tholkabad (22'' 08' : 85" 11'), but which 
seems to thin out towards the south-west, and also towards the 
north-east. The shales above this band of breccia-conglomerate 
contain sandstone or quartzite bands which are often conglomeratic. 
These sandy bands appear to be non-continuous, and can seldom 
be traced for more than a few miles. 

luterbanded in these shales are contemporaneous beds of basic 
igneous rock and occasional ash beds, the minerals of both of which 
have been very largely replaced by silica. 

The shales have a general north-east to soutn-west strike, and 
a Meep dip in a north-westerly direction, but local folding is common. 

feast of Nawagaon (22® 03' : 86® 14'), the main iron-ore range 
is made up of banded hematite-quartzite, which at the top of the 
range is partly altered and replaced by hematite. 
The lower slopes of both the east and west 
( 201 ) 
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Bide of the range are shales. The lower shales of the Iron-ore 
series are seen on the east side* of the range conformably underly- 
ing the banded hematite-quartxite. The banded hematite-quartz- 
ite is well exposed in the Zjasara Gara gorge just to the south of 
Keonjnar (Kiri) Buru, dipping at about 70° in a north-westerly 
direction. The upper beds of the quartzite seem to contain more 
of the jaspery type than the lower beds seen on the top and east 
side ot the range. This quartzite seems to be about seven hundred 
feet thick at this point, and is overlain conformably by a purple 
ferruginous shale. The shale varies in colour down the gorge, 
and gradually becomes greenish, and eventually at the \^est end of 
the gorge it is nearly black in colour. After the stream leaves the 
gorge, the shale becomes of a sandy ferruginous tyi)e, which on 
weathering gives rise to a sandy shaly lateritic material, in which 
contemporaneous sills or flows of much silicified basic igneous rock 
and occasional ash beds occur. The rocks in this gorge are fairly 
regular and uniform in dip, but a certain amount of slip and fold 
ing has taken place. The anticlinal and synclinal folds in the 
quartzite are not often seen on a large scale, but folding on a small 
scal^ is common and is often very shaip. Although there is cliange 
of dip and strike where the folds occur, these make practically no 
difference to the general strike and dip of the rocks as a whole. 
The quartzites form steep cliffs which give rise to waterfalls, which 
make part of the stream impassable. Still further to the west 
reddish purple and purple-biiff-coloured shales occur, and these 
resemble to some extent some of the shales which occur on the east 
side of the range. Exposures of the shales are not good, and 
being of a soft nature, folds and slips are not often seen. That 
movement has taken place is evident from the slickensided sur- 
faces that are occasionally exposed. Bands of cherty rock occas- 
ionally occur in these sluiles. 

An exposure of black carbonaceous sbale was noted in a small 
cliff in the Jagretu Oara (Kariatuti Gara) to the south of Hendikuli 
- . . , (22° 12': 85° 08'). This carbonaceous shale 

iH only exposed for a short distance, and is 
only a few feet thick. Where exposed it is overlain conformably 
by variegated sandy shale, which in parts has become so silicified 
that it may almost be termed a quartzite. The carbonaceous 
shale seems to be underlain conformably by greenish buff phyllitio 
j»hale, and seems to pass laterally into iihyllitic shale. 
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Exposures of carbonaceous shales or phyliites seem to be much 
more abundant to the north of the area under description, and 
have been recorded by Dr. Dunn ^ in North Singhbhum, who has 
suggested that the carbon may have been derived from the com- 
bustion of volcanic gasses. 

Dr. Krishnan ^ has also described similar carbonaceous rocks in 
Gangpur State, and Dr. Narayana Tver has also recorded them in 
North Singhbhum. 

The rock wlien liandl<‘d has a somewluii greasy fetd and soils 
the fingers, althoinrh the carbon constituenl, which appears to l»e 
graphite, seems to form only a small propoition of the total rock. 
When burnt the ash has a grey colour. 

Thin bands of sandstone or cjuartzite, usually of a pale greyish 
white colour occur in the shales, but they appear to be non- 
continuouH, and can only be traced, at most, for 
ghafes?**^”* ^ miles. One of these bands near Dinda 

Buru crosses the main road about half-way 
between Tholkal)ad (22' 08' : SfV 11') and Tirilposi (22® 09' : 85® 06'), 
and forma an impassable ridge for a large part of the three miles 
over which it is exposed. The rock is a massive, hard, compact, 
rather gUssy-looking (quartzite, and the bedding is rather indistinct, 
but the rock south of the road has the usual north-east to south- 
west strike and dips at about to the north-west. North of 
the road the band swings round to the east, and has a dip of 50® 
to 60'' to tl)e north. The band occurs in a ])ur}>le ferruginous 
shale and is about three hundred feet thick. 

To the south of Kodalibad (22° 10' : 85® 14') the shales, which 
have the usual noiih-cast to south-west strike and steep dip of 
about 60® to the north-west, becorre rather sandy in character, 
and the rock consists of thin alternating bands of shale and sand- 
stone, which are too thin to show separately on the map. The 
shale is usually purple, buff or grey in colour, and the sandstone 
bauds are usually white or pale-coloured, and are often somewhat 
felspathic. The sandstone is a rather soft rock, but resists weather- 
ing fairly well, and often gives rise to small steep cliffs ; some of 
the sandstone is ferruginous, and this on weathering becomes buff 
or brown in colour. At times the sandstone becomes coarse- 
grained and conglomeratic in character. 

^ Menu QtoL Smtv, Ind,, LIV, pp. 45*48, (1929). 

CM. Stirv. Ind., LXIII, p. 84, (1930). 
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At times tbe sandy bands contain small crystals cf magnetite 
and martite, vbieb give the rock a grey cokrar. The crystals are 
nsuslly perfect octahedra, up to about a millimetre across. 

The sandstone beds become more marked near Tirilposi 
(22° 09' : 85° 06') and the Gangpur State boundary, and often 
become conglomeratic in character. The con* 

Sambtone beds near glomerate bands, however, do not seem to be 
Tirflpoai. very persistent, and can seldom be traced over 

a very large area. 

The beds have the usual general strike varying from N. B.- 
S. W. to E. N. E.-W. S. W., and a general dip in a north-westerly 
direction at about 70° ; but local folding is fairly common. The 
sandstone contains a fair amount of chloritic material, which gives 
the rook a somewhat schistose appearance, especially when weath- 
ered. Bands of shale and phyllite occur, but they are small 
compared with the amount of sandy rock. 

The conglomerate bands, which are well exposed in the Bitkulsia 
(Simlung) nodi, south of Tirilposi, consist of well-rounded pebbles 
usually about one to three inches across, but occasionally as much 
As eight inches ; they are mainly of fine-grained, hard, compact, 
white or greyish quartzite, cemented together by a sandy or shaly 
matrix. S<me of the shale bands are also very conglomeratic, 
but tbe pebbles seem to be less rounded, and consist mainly of 
pale grey quartzite, with a few of banded hematite-quartzite and an 
occasional ^ebble of red jasper. 

Current-bedding and ripple-marking are occasionally seen in the 
sandstone, and are well exposed in the Bitkulsia stream south of 
Tirilposi. 

Thin bands of igneous rock also occur in parts of these sandy 
beds, and run parallel to the strike and dip of the rocks ; but they 
can be traced only for short distances. 

Most of the varieties of the shale on weathering take on a 
ferruginous appearance, become red in colour; they may beomne 
altered to a Isterite. Where the quartzite or 
of ttae gjjjjjjy i)iaidB occur in the shale, or where 
silieifioation has taken place, these often form 
tiw tops of hiHs or ridges, and may give an impression of being 
more important than they really are. 

Near the Gangpur boimdary in the north-west of the area under 
description; the shale countrv is cut up into a series of narrow, 
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ste^p-sid^d valleyd, which make ptogresii actois ootmtry 
slow and tedious. 

Where the sandstone bands are abundant, as near Tirilposi, they 
gi^^e rise to a very sandy type of soil, and consequently vegetation 
in these areas is very poor. Streams in these areas are dry for 
most of the year, as rainwater soon disappears into the sandy 
soil. 

The Breccia'Cortgloinerate. 

The brt;Ccia*conglomerate forms a marked band running in a 
north-east to south-west direction just to the west of the village 
of Tholkabad, where it is seen to be overlain and underlain con- 
formably by the sheJes, which often have a red-purple colour. 
The band is well exposed, and is of considerable thickness, in the 
hills Marang Burn and Lagirda Burn to the west of Tholkabad, 
anJ also in Apasal Bum about three miles south-west of the village. 
To the south-west of Apaeal Buru, the band gets thinner and more 
phyllitic in character. 

The rock lias the same general strike and dip as the shales with 
which it occurs, the latter averaging about OS' to the K. N. W. 
The pebbles in the conglomerate are mainly of white and pinkish 
quartzite, banded hematite-quartzite, red jasper, hard clierty shale, 
and a few of white quartz. They are usually well-rounded, 
flattened, and have an elongated appearance ; but some are quite 
angular ; they are cemented together by greyish silica, with ferrug- 
inous and fine-grained, micaceous or aericitic material. 

This conglomerate is often covered with latcrite, and this is 
especially the case near Ratamati (22° 09' : 85° 09'), and in the 
adjoining Lagirda valley. 

This conglomerate is also well exposed in the hill Khendra 
Buru, two miles to the north-west of Badgaon (22° 02' : 86° 02'), 
in the north of Bonai State, where in parts it has a phyllitic appear- 
ance. The low ground near the village is composed of granitic 
rock with some thin basic dykes, and a little schistose rock, prob- 
ably of the Older Bbarwars caught up in the granite. Towards 
Khendra Buru the ground becomes covered, but the hill itself con- 
sists of the breccia-conglomcrate, dipping 70° to the north-west. 
To the north west of the hill, and overlying the conglomerate, is 
red-purple shale. The pebbles are well-rounded and usually have 
a flattened and elongat^ appearance and consist of hard light. 
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coloured quartzite, banded hematite-quartzite, shale, red jasper and 
a few of white quartz. The gioundmass of the rock is sandy at 
times, but more often it is sericitic in character. Pebbles are 
sometimes scarce and then the rock resembles a phyllite. 

Tn the flatter ground to the north-east of Badgaon, between 
Khendra Bum and Belhatu (22° 06' : 86° 04'), the rock has a pecul- 
iar mode of occurrence. It occurs as a series of thin slabs, say 
twenty feet or more long and a few feet wide, standing nearly 
vertically above the soil-covered ground. These slabs continue at 
intervals along a track about half a mile wide, and for about two 
miles along the Relhatu-Jbarbera cart-track. The dip of the rock, 
which is indicated by the slope of these slabs, is actually at about 
8<)° in a north-westerly direction. 

To the west of this conglomerate band, the red-purple shales 
become more and more sandy in character, and in the area to the 
south of, and near, Tirilposi, the rock is practically a sandstone 
with a shaly or schistose character, as described on page 204. 



CHAPTER X. 


THE IRON-ORE SERIES^onc/rf. 

The Epidiorites and Ash Beds. 

To the west of the main iiou-oie range is a big outcrop of basic 
igneous rock, associated with ash beds. These appear to be inter- 
bedded with the shales of the Iron-ore series. 

When not very much altered the rock is usually of a greenish- 
grey colour, which varies considerably in texture. It is usually 
fine-grained with a smooth fracture, but is 
fiewT"""** Bometimes rather coarse and highly crystalline 

with a rough surface fracture. At times it is 
rather schistose in character, and at other times it resembles a 
shale. 

The rock on weathering often takes on a brownish bufi colour. 
In some rases the weathering and alteration has gone so far that 
„ the original minerals of the rock seem to be 
completely decomposed, and the rock takes on 
a bu£E or reddish purple shale-like appearance. When the original 
rock, however, was amygdaloidal, the amygdales often remain, and 
then the original igneous character can be recognised. When, 
however, these amygdales are absent, the rock in the field is often 
mistaken for the ordinary bufi or red shale of the area. 

The rooks may be generally termed epidiorites, and although 
they are very altered, the alteration often is metasomatic rather 
than dynamic, so that many of the rocks still retain some oi their 
original structures. The rocks appear to have originally been 
dolerites or basalts, associated with volcanic ashes or tufis. 

Silicification is a \ery common and widespread type of alterat- 
ion of these basic rocks, and at times the rock consists almost 
solely of granular silica, but the silicified rock retains its blue-grey 
colouT. The silicified rock often has thin white veins of quarts 
running through it. 

Another type of alteration is to a quarta-e]>idote-rock or epido.s- 
ite. A rock of this type occurs near the ThoIkabad-JSiaogaou 
road, and is moderately fine-grained, hard and compact, with large 
irregular patches of quartz and epidote in it. The rock is found 

( 207 j 
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to consist of minute lath-shaped felspar, which occasionally is big 
enough to show lamellar twinning, in a brownish fuzzy chloritic 
groundmass full of opaque white granules which appear to be 
leucozene. -Scattered through the whole is granular epidote, and 
large irregularly shaped patches of quartz full of granidar ejidote 
and some minute needles o^ the same mineral. 

In the hillocks between Garahatu Lor and Lasara Gara (22° 05' : 
85° 15') is ferruginous material which at first looks like shale, but 
which on close examination is found to contain amygdale-like 
patches, which are now 611ed with granular quartz. 

One of these rocks, in which alteration hsus proceeded so far. 
that none of the original structure of the rock remains, except 
the omygdales, occurs in the Tonta Gara (22° 10' : 85° 19'). It 
is a reddish purple shale-like rock, containing numerous white 
amygdales. Under the microaco()e the rock has a shalc-ULe struc- 
ture, but seems to be much silicified, and consists of fine quartz 
or chert full of hematite powder. The amygdales are of quartz 
with a little cldorite. 

The mine’^als originally present in t> e roc k appear to have been 
augite and lath-shaped felspar arranged in ophitic manner, and 
ilmenite. The minerals are usually very altered, 
er*'o?***the^"epldloS«*" “ some cases none of the original minerals 
remain, and the original ophitic structure of 
the rock may have disappeared. The felspar is usually more or 
less altered to saussurite, and in some cases is completely replaced 
by chlorite, kaolin, quartz, calcite, etc., but these alteration products, 
often retain to some extent the shape of the original lath -shaped 
felspar. The augite is usually of later crystallisation than the 
felspar, and parts of one augite individual are often broken into 
detached areas by the felspars. The augite is uaually altered to 
hornblende and chloritic material. The ilmenite may be completely 
altered to leucoxene and sphene. 

A porphyritic type of rock occurs in the Tonta Gara (22° 10' : 
85' 19') which is dark grey in colour, coarse-grained and has smne 
. ... _.j. .. small phenocrysts of felspar (Plate 22, fig. 1). 

The rock is fotmd to consist of lath-shaped 
felipar, somewhat kaolinised and ccmtaining micaceons alteration 
peo^uots; nearly colourless augite, very altered, encloeing and 
broken. up isdated patches by felspar laths. The alteration 
of the augite ie to hornblende and chlorite. Ilmenite ia present in 
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fair quantity! but is largely altered to leuooxene. There appears 
to be some secondary quartz. 

These basic igneous rocks are well erposed in the Koraj nadi 
between Korai (22*^ 02' : 85® 12') and Gunjaghara (22® 01': 85® 13'), 
K nad\ where they are seen to be massive, fine-grained, 
^ery siliceous and occasionally amygdaloidal. 
The rock is sometimes cut up by small quartz veins, which run in 
all directions. It is found to consist of lath-shaped felsjar com- 
pletely replaced by silica, and fuzzy indeterminate material with 
occasional patches of clilorite. Some bleached ferromagncsian 
mineral (? augite), completely altcied, is present. A few amyg- 
daloidal patches occur, and they are made up of quartz with fuzzy 
indeterminate material, in which are scattered fine granulop of 
ejudote. 

The rock near Jamlmi (22® 07' : 13') is fine grained, bluish 

grey and hard, which becomes buff-colou»-cd on the weathered 
Jtmbai surface. The rock when exaniined with the 

microscope is found to be made up of very 
altered laths of felspar, with fuzzy indeterminate material between 
them. Rome amygdaloidal patches aie tilled vrith quart?, a little 
magnetite and chlorite, and some granular e^idotc. 

On the main road, just to the noiih of Naogaoij (2^®or*' : 85® J4'), 
is a good exposure of basic igneous rock of a c' arse-grained, dark 
grey variety. The rock is fairly fresh and 
* ’ when examined Muder the microscope, is found 

to resemble the Newer Dolerites rather than the iutorbe<!ded epi- 
diorites, and is possibly a dyke which has cut through the inter- 
bedded rocks. The rock consists of stout crystals of felspar, 
partly kaolinised and sho^^ing little lamellar twinning, large 
platy crystals of nearly colourless augite, altered in places on the 
edg^fl of the crystals to brownish hornblende and greeuish chlorite. 
Some of the augite crystals show simple twinning. A small amoudt 
of ilmenite occurs partly altered to leucoxene. 

In the low ground north-west of the Sasangda ridge basic ig- 
neous rook oooum, with which are associated ash beds. The rocks 
are well exposed in the lower slopes of the 

Im s or trot. jjdge, and in the streams running into the 

Obuidia Lot (22® 09' : 85® 17 ). In the field these rocks often have 
a very shale-like appearance, striking north-east to south-west, and 
dipping at 80® to the north-west. Both the basic rock and the 


Naogson. 


Chardls Lor srot. 
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ash have a greenish gny colour, and are medium>grained. When 
examined with the microscope, the ash is found to be made up of 
angular and rounded fragments of white kaolinised material and 
quartz, with an occasional fragment of some ferromagnesinn mineral 
partly altered to chlorite. Some fragnients of what appears to 
have been a vesicular rock also occur. 9ome of the fragments 
ap})ear to he a devdtrified glass, which occasionally show spherulitic 
8tr.icttire. There are also some fragments of epidiorite-liko rook. 
The fri^nents are set in a fine-grained groundmass, wliioh consists 
mainly of chloritic material and quartz, with some micaceous 
alteration products. 

The basic rock associated with these ash beds is fairly fresh, 
and under the microscope is found to consist of stout idiomorphic 
crystals of augite, nearly colourless in the centre, but often having 
a pale brownish colour at the edges. The crystals are often twinned, 
and in some cases show frayed ends, where alteration has begun to 
take place. The felspar has a tendency to idiomorphism, but is 
usually very altered and the outline is often somewhat obscured. 
The alteration products appear to he finely divided calcite, kaolin, 
cldorite and micaceous products. A little interstitial quartz is 
present, and ilmenite occurs almost completely altered to leucoxeno. 

.4 somew'hat similar patch of basic rock with ash beds is exposed 
in the Buargui nadi (22° 11' : 86° 20') and is possibly a continuat- 


Ouargui nadi ares. 


ion of those noted above occurring in the low 
ground west of the Sasangda ridge. The 


basic rock is medium-grained, and of a pale greenish grey coloui. 
It sometimes contains large pale greenish-white phenocry.st8, which 


are usually rectangular in section, and vary up to one inch in length. 


Originally these phenocrysts were imdoubtedly felspar, but have 
been completely altered into kaolin, quartz, chlorite and micaceous 


products. The main mass of the rock is made up of almost colour- 
less augito, penetrated by altered felspar laths. A little ilmenite 
largely altered to leucoxene and sphene occurs, and there is a little 
chlorite and pyrite present. 


/In interesting exposure occurs in the Kurhadi nadi, near Dadan 
Raikela (21® 63' : 85° W), Here there is a bed of pale greenish- 


Dadan Raikehu 


grey volcanic ash or fine-grained tuff, in which 
a number of well-rounded and occasionally 


angular boulden up to a foot or more in diameter, of fine-grained 


epidiorite occur. It seems probable that these were volcanic 
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bombs, wbicb on settling on the surface were covered with other 
volcanic debris. These rounded boulders arc well sho^^n V. Plate 21, 
figs. 1 and 2. The volcanic ash is a fine-grained, greenish grey, 
somewhat schistose-looking rock, in which some irregular fragments 
are seen. The microscope shows the rock to be made up of fine 
fragmental material. The rock forming the rcTinded boulders is 
a rather hard, fine-grained, compact rock, and has quite a difiterent 
appearance from the ash in which it occurs. It sometimes contains 
areas of white quartz, w^hich were probably steam-holes when the 
rock was in a molten condition. The rock is a fine-grained epi- 
diorite* 



CHAPTER XI. 


THE GRANITIC ROCKS. 

Introduction. 

In the area under description there are two main masses o£ 
granite : the Singhbhum granite and the Bonai granite. The 
Bamra granite mass to the south-west of the area under descript- 
ion has been slightly more metamorphosed than the others and 
this gives it a somewhat gneissic character. It is thought that 
these granites come from the same magma and were all intruded 
at about the same time. The rocks are very similar iu mineral 
composition, and are all intrusive into and therefore are certainly 
of later age than, the Iron-ore series ; they are older than the Newer 
dolerites which occur as dykes in them. 

I stated in 1922' that the Singhbhum granite was intruded into 
the Dharwars, and into the Iron-ore series. Dr. Fermor ^ in 1908 
stated that the gneissose granite of Singhbhum is possibly intrus- 
ive into the Dharwars; and in the same year he found conclus- 
ive evidence that the granite of Central Singhbhum was intrus- 
ive into the Dharwars, as also in 1918 of the intrusive relations of the 
granitic ro'^ks of the chromite area of Jojohatu to the Dharwars and 
the peridotites^ Also Dr. Dunn * states that the Singhbhum granites 
show an intrusive relation to the Iron-ore series, and that the Singh- 
bhum granite is one of the final representatives of the Archsean 
system, and that the Newer Dolerites, which occur as dykes in the 
granite, are possibly of Cuddapah age. 

The Singhbhum Granite. 

In the area worked by me, the Singhbhum granite occurs over 
a large area in the plain to the south and south-east of Chaibasaa. 

It is a huge boss intrusiYe into the Older 
Relation to otter rock>. ^^^68. which seems 

to have had very little metamorphio effect on the rock into which 

^ H. Q Jomo, ' The lron-ore« of Singhbhuio and Oriasa’, Bee. QttA. Sure. Ind., 
UV,p.Se7,(ia22). 

• Genwal BofOrt for 1908, Bee. (hel. Sure. Ind., XXXVUI, p. 18, (1909). 

* Bee. Oeol. Swv. Jnd., L, p. 22, (1919). 

» J. A, Dunn, Mem, Oeol. Sure. Ini., LTV, p. 99, (1929). 

( m y 
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it was intruded. This granitic intmsion raised rather than broke 
up the rocks of the Iron-ore series, but a certain amount of absorpt- 
ion and penetraticm can be seen at Simjang (22° 26' : 86° 46') and 
other places. The purple sandstone, the limestone, and the lower 
shale of the Iron-ore series are all found in contact with the granite 
at different places, which seems to indicate that the lower beds in 
some parts have been largely absorbed. The rocks of the Iron- 
ore series have a general dip away from the granitic mass, and 
possibly some of the folding and faulting noted, is due to this intms- 
ion. 


Weallierliii(. 


Quartz veins and veins of pegmatite frequently occur in the 
granite mass. There are two main systems of jointing in the 
granite which strike about N. 65° W. to S. 35° E. and N. 65° E. to 
S. 56° W. The dolerite has been largely intruded along these 
joints, giving rise to the basic dykes which are such a feature of 
this granite area. 

The granite is a fairly soft and easily weathered rock, and there- 
fore makes no very marked surface features. It usually has a 
fairly thick covering of weathered, partly de- 
composed rock and soil, which forms the large 
cultivated plains in the south-east of the Singhbhum district. Tors 
and typical granite scenery are only occasionally met with in the 
area, and the granite country is generally flat. 

The rock varies from very fine-grained to a coarse porphyritic 
type, and in places it has a slightly gneissic character. The rock 
is usually pale grey or white in colour, fairly 
loin***”***"****""**"*'*' “ composition and contains a large pro- 

portion of plagioclaso felspar. The rock usually 
consists of quartz in small amount, plagioclase felspar (oligoclase- 
andesine), orthoclase, microoline, hornblende and rare mica (mus- 
covite and biotite). Accessory minerals are usually apatite, zircon, 
epidote, and ilmenitc, which is usually partly altered to leucozene. 
The fcrro magnesian minerals, which are usually in small quant- 
ity are often altered to chlorite, with the sejiaration of fine grains 
of magnetite. This sometimeB gives th(> rock a greenish tinge. 

On the west, near where it is seen in contact with the Iron-ore 
series, it is decidedly more acid in character than farriier away ; 
this is possibly due to absorption of siliceous material from the 
Lower Dharwars and the Iron-ore series. In places it seems to 
have oouvorted some of the sandstones into quartzites. 


B 2 
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The rock when examined under the microscope is found to have 
undergone n considerable amoiuit of strain and crushing, which is 
shown hy the strain shadows in the quartz and felspar crystals, 
the breaking up of the quartz grains, and the bending and fractur* 
ing of the twin lamella' in the felspar. The felspars easily alter 
to kaolin and serioite. 

The rock near Singabera (22*^ 11' : 85° 31)') has a slightly gneissio 
character. Specimens shows it to consist of dark grey granitic 
bands alternating with bands of nearly white 
ioiM!*"^**"***** Rescript- gjajutic material. The microscope shows the 
nearly white variety to consist of much altered 
ftibpar, quartz in small quantity, sometimes containing small fluid 
inclusions, green hornblende, much epidoto in bands, with some 
accessory apatite and sphene, and a little chlorite. The duker 
part is much more granitic in text ure, and consists largely of plag- 
ioclase and green hornblende. Some quartz and a Uttle ortho- 
clase is present. Both the plagioclase and the orthoclase are much 
altered. Apatite, epidote and zircon are present as accessories, and 
some ilmenite altering to leucozene. Some of the hornblende is 
altered to chlorite. Close to the granite-Iron-ore series boundary, 
the rock has a decidedly acid character, which is possibly due to 
the absorption of quantities of the siliceous material of the Lower 
Dharwars and the Iron-ore series. A specimen collected from 
Simjang (22° 26' : 85° 45') is a medium-groined granitic rock, which 
when examined under the microscope appears to be a typical granite, 
consisting of quartz and orthoclase felspar in large quantity, with 
some muscovite. The orthoc-lase is very much kaolinised. A 
certain amount of microcline and plagioclase is present, and these 
seem much less altered than the orthoclase. The muscovite is 
partly altered to chlorite. Apatite and ilmenite are present as 
accessories, the latter being pMurtly altered to leucozene. Another 
specimen irom the small exposure neat Bandijari (22° 26' : 86° 41') 
is a medium-grained, pale grey granite, which under the microscope 
is very similar in general character to the one noted above as ocenrr* 
ing at Simjang ; but the rock seems to have undergone a consider* 
able amount of strain, and crushing. Some veins of secondary 
quartz occur running through the felspar crystals. 

Some of this granite rook would give an excellent building stone, 
mad it has been largely used in the building of bridges, etc., for the 
new Amda-Jamda railway. 
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injection of the granitic rock into the f>hler Dharwar 
rocks is well scon in the Deo river, near Muugra, where the granitic 


Lii*par^Ut Injection 
near Mun^ra. 


rock has penetrated and broken up the Older 
Dharwar schists and cpiaiiizites into small 
patches (Plate 11). 


Kaolin or China clay is being worked at several points near 
Dumria and Karanjia (22"" 12' : 44'). The clay has resulted 

Kaolin from the kaolinisation and alteration, probably 

by hydrothermal agencies of the granite. The 
material is rather impure, but is being washed, made into bricks 
and dried before despatcli to Calcutta for jjaper-niakiug. 


The Bonai Granite. 


This granitic rock has already been noted as being similar in 
character to the Singhbhum mass. Bimilarly it seems to have had 
very little metamorphic effect on the surrounding rocks into which 
it has been intruded. It is a soft and easily denuded rock and 
therefore makes no marked surface features. It forms gently im- 
dulating country which is broken up by small knolls and low hill- 
ocks. The granitic country is often cultivated. 

The rock is medium-grained, and consists largely of plagioclasc 
felspar (oligoidase), with a fair amount of quartz. Microclino is 
Texture and compos- usually abundant and there is a certain amount 
ition, of orthoclase. Muscovite is usually jnesent in 

small quantity, and ace.essory minerals are not abuiuLiiit, It ofti*ji 
has a gneissic character, and when examined under liio microscope 
it appears to have undergone a great d(‘al of strain. 

The granite near Jaiudih (21'" 511' : 85 U7') is a pale grey medium- 
grained roek, which under the inieroseupe is seen to have suffered 


Petiological descriptions. 


much strain, it shows plagioclase felspar with 
very bent and fractured twin lamellse, strain 


shadows, anti fractures which liave been filled with set*.ondary 


quartz. The original quartz sliows strain shadows, and is some- 
wliat gramilaWd. The felspar includes orthoelase and mierocliue. 
There is a litth‘ inustovitt* and tine-grain(‘d nucaet'ous substance 


lireseut. 

Near Balijod (22*" 05': 85^" 08') the rock is pegmatitic and the 
felspar has been largely altered to kaolin. Altliough this clayey 
material occurs in small patches over a fairly large are^i, the kaolinis- 
ation does not appear to have gone far enough to make the occurr- 
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ence of speoial economic value ; but it is a source of attraction for 
sambhar and other animals of the district. Pale blue-grey and 
white quartz are marked in this area, and possibly provided some 
of the material for the Cuddapah sandstones. 

Hybrid Rock. 

Near Chalpagara (22° 21^ : 86° 37') there is a peculiar hybrid 
rock in the Iron-ore series, very intimately connected with a doler- 
ite dyke. The rock, which has a reddish tinge, varies considerably 
from a hard fine- to medium-grained rock of granitic aspect, to a 
purplish schistose type. The former under the microscope shows 
a myrmekitic intergrowth of quartz and felspar. The felspar is 
filled with powdery red hematite. Some chlorite and magnetite 
and some small quartz veins are present. The schistose variety 
shows a similar myrmekitic character, but the chlorite is represented 
by fine sericitic material and the magnetite is almost completely 
altered to hematite. In places the dolerite seems to have irreg- 
ularly penetrated and absorbed some of this rock, and the result 
is a dark green, rather granular rock, which und^'r the microscope 
shows the same myrmekitic intergrowth of quartz and felspar ; but 
there is a much larger proportion of chlorite present. 



OHAI^TBR Xll. 


THE ULTRABASIC IGNEOUS ROCKS. 

Ultrabasic igneous rooks occur as small isolated patches through- 
out the area. The most important is that occurring near Jojobatu, 
about ten miles W. 8. W. of Chaibassa, and in which the Singhbhum 
chromite deposits occur. Dr. Fermor' described these in 1918 and 
says : — 

‘The ultrabasic rocks appear to be laccolitic intrusions se\eral hundred feet 
thick that have participated in the later stages of folding of the Dharwars’. 

He considers the ultrabasic rock to be intrusive into the Iron- 
ore series, and of earlier age than the granite. 

Dr. Dunn^ in referring to the ultrabasic rocks of North Singh- 
bhura says: — 

* It might be safely assumed that the intrusion of the ultrabasic rocks was 
not only later than the motamorphism of the Iron Ore series but also later than 
the severe movement of the shear 7one.’ 

He also says : — 

* The nltrabasic igneous rocks are intruded into the Iron Ore series and as 
the granite in its turn is intruded into them they are definitely post-iron Ore series 
and pre-granite.’ 

In my examination of several patches of ultrabasic rock in South 
Singhbhum and Bonai State, there is no doubt that these are intrus- 
ive into the Iron-ore series. I have not found a case, however, 
where the ultrabasic rock has been intruded by the granite. In the 
Bonai State there are several dyke-like masses of ultrabasic rock 
which occur in the granitic rocks, and appear to be post-granite.* 
The rocks are very altered, but show little sign of the disturbance 
to be seen in similar rocks near Jojohatu. 

Near Bangra (22° 03' : 86° 09') in Bonai State, one of these 
dyke-like patches of ultrabasic rock is cut across by one of the Newer 
Dolerite dykes, thus proving the ultrabasic rocks to be pre-Newer- 
Dolerite in age. 

These patches vary in length up to about three miles, and as 
usual the area covered by these rocks is marked by the absence, 

* General Report for 1918, Bee, Qeol. Sure. Ind., L, p. 10, (1919). 

* Mem. Geol. Sure. Ind., LIT, p. 9«, (1929). 

* See footnote on page 178. 


( 217 ) 



218 OBCIL JONES : IBON-OBE DEPOSItS OF BIHAB ANl> OBISSA. 


or by the stunted growth of the sal trees. The rock is usually coarse- 
grained, tough and very black in colour ; but, when very weathered 
the rock becomes almost completely altered to serpentine, when 
it has a pale green somewhat earthy appearance. The rook is very 
similar in the different patches, and they probably all came from 
the same source. 

The Tonto intrusion occurs north of the village of Tonto (22® 
23' : 85° 37') and at the foot of a small hill formed by a sandy band 
in the shales. The material collected from here 
is a medium-grained, greenish black rock, which 
when weathered, seems to be made up of plates of bastite which 
show a Schiller character, and have probably resulted from the 
alteration of hypersthene. In places the rock is serpentinised* 
When examined under the microscope, the freshest rock obtained 
is seen to be almost completely altered to serpentine and sericitic 
material. The serpentine has evidently resulted from the alterat- 
ion of olivine as mesh structure is often ol)served, but no unaltered 
olivine remains. A little colourless augite is present, occurring as 
residual grains in an almost completely alteretl crystal. Some small 
black opaque crystals are seen in the slide, and these may be mag- 
netite OT chromite. The rock is cut up by veins of tremolite and 
asbestos (chrysotile), some of which have been altered to talc. 


The intrusive rock at Nurda (22° 20' : 85° 44') is also very much 
altered, and it is very difficult to find anything approaching a fresh 
specimen. The mass is very cut up by veins 
and bands of pale yeUow serpentine and by 
thin veins of fibrous asbestos. The veins of asbestos are thin and 
of no economic value. The whole of the rock seems to be serpent- 
inised. Some of the Nurda rock is extremely fine-grained and 
has a pale green colour, which under the microscope appears to be 
a glass, in parts altered to serpentine. 

The patch of ultrabasic rock to the south of Badgaon (22° 02' : 
85° 02') is very much altered and seems to be much intermixed 


Bsdgton. 

the ultrabasic rock. 


with an impure steatitic schistose rock which 
lias probably resulted from the alteration of 
The patch thins out in the hills south-west 


of the village, but the ground here is covered. The rock is of a 


green colour and appears to be very altered. It consists almost 
entirely of serpentine material. 
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Near Rangra (22® 03' : 86® 09') the rock contains thin veins of 
asbestos, but there does not seem enough of this to be of real econo- 

mic value, although in the fields to the north- 

east of the village, the soil contains quite an 
appreciable amount of asbestos fragments. At the east, and near 
the top of the hill to the north of Rangra village, a silicified basic 
dyke striking N. N. E. to S. S. W. is seen cutting across the ultra- 
basic rock ; but it has no marked metamorphic effect. The ultra- 
basic rock when examined under the microscope is found to be 
largely serpentinised, but the original rock seems to have been a 
peridotite, and consisted mainly of colourless augite and olivine. 
Scattered through the rock are small black opaque grains which 

appear to be magnetite. A very little chlorite is also present as 
an alteration product. 

The dyke-like patch of ultrabasic rock south of Nangalkata 

(22® 05' : 85® 05') extends for about four miles. It is fine-grained 
and shows the usual pitted, greyish brown, weathered surface. The 
ro(!k consists mainly of serpentine with a few plates of augite almost 
completely altered to serpentine. Scattered throughout the rock is 
some black powdery material which is probably magnetite. 



Ohapter xtii. 


THE NEWER DOLERITES. 

In the section dealing with the geological history of this artia, 
I have said that the intrusion of the granite was followed by earth 
movements, and that basic igneous rock was forced up along joints 
and cracks in the granite which gave an easy passage to the molten 
magma. This gave rise to the very extensive series of dykes which 
are sucli a marked feature of the Singhbhum granitic area to the 
south of Chaibassa, and also in the Bonai granite mass. These 
dykes have a general N. N. E. to S. S. W. strike, but there is a 
minor series having a N. N. W. to S. S. E. strike. In Keonjhar 
State, they generally run N. 30'" B., which corresponds to one set 
of joints in the granite. Occasional dykes run in any direction, 
and evidently occupy irregular cracks in the rock. 

The rocks are dolerites and basalts and have been termed the 
Newer Dolerites.* 

This basic igneous rock has also penetrated the Iron-ore series 
to a small extent, where it occurs both in the form of dykes and 
sills. The dykes in the Iron-ore series are usually small, and can 
only be traced for short distances. 

The dykes in the Bonai granite are similar to, and seem to be 
almost as numerous as in the Singhbhum granite. They also occur, 
but are not nearly so abundant in the Bamra granite-gneiss as in 
the granites noted above. 

In one case near Rangra (22° 03' : 86° 09'), one of these dykes 
is seen cutting through a mass of ultrabasic rock, showing that 
these rocks are of lat^ age than the ultrabasic intrusion. 

In the granite area these dykes are a very marked feature, and 
occur as long, often straight ridges up to half a mile in width, and 
often running for many miles across country. The ridges are some* 
times discontinuous, and are usually covered with roughly q>heroidal 
boulders. The lower slopes of the ridge usually has a dark reddish 
soil, which supports a thin scrubby vegetation. 

* Oemml Beport for 1026, See. Qeoi 8vrv, Ind., lAX, p. 66, (1026). 
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The rocks vary considerably in texture, some being extremely 
fine-grained, and others very coarse-grained ; sometime^i they are 
amygdaloidal. These variations are doubtless 
mainly due to the width of the dyke, which 
influenced the rate of cooling. The rock is at times fairly fresh 
and unaltered, and this seems to be especially the case when the 
dyke occurs in granite. The rock varies from a fine-grained basalt 
to a coarse-grained dolerite, and is usually of dark bluisli or greenish 
grey colour, due in great part to tlu^ presence of seconds ry chlorite, 
and the microscopic examination shows Ihe rock to ])e of very 
similar (joinposition over wide areas. The renk is mad(‘ nj) of lath- 
shaped plagioclase felspar (labradoritc to bytownite) and pale brow- 
nish to colourless augite, often in ophitic, intiTgrowth. The felspar 
in these rocks generally seems to have preeeded the augite in order 
of crystallisation. Quartz sometimes oi^curs as an original constit- 
uent, and is found in mioro-pegmatitic intergrowth with the felspar. 
Generally the felspar is largely altered to sanssurite and kaolin, 
and the augite to hornblende and chlorite with the separation of 
fine magnetite grains, llroenite is abundant, partly altered to 
Icucoxene and sphene, and pyrite sometimes occurs. Secondary 
epidote, and se<5ondary quartz are also sometimes seen. The felspar 
in the rock is sometimes replaced by quartz, but the original idio- 
morphic outlines of the felspar has often been retained. The ferro- 
magnesian minerals have usually been somewhat chloritised. Por- 
phyritic structure sometimes occiirs, when large stout crystals of 
more or less altered and irregularly green tinged felspar occur in 
a fine-grained grey rock. The acid character of some of these rocks 
may be due to the composition of the original magma or to absorpt- 
ion of the granite or other rock that the molten magma passed 
through. This excess of silica has separated out as quartz, and 
has formed a micro-pegmatitic intergrowth with the felspar. 

The dolerite dykes resist weathering better than the granite, 
and consequently are often left standing as narrow, low, serrated 
w Uteri A which Can often be traced for many 

•Iter^on. miles. At times they rise a few hundred feet 

above the surrounding granitic plain. They 
often show columnar structure and typical spheroidal weathering, 
which gives rise to a mass of rounded boulders on the slopes and 
edges of the dolerite ridge. Sometimes, owing to earth movements, 
the rook has been crashed and the weathered spheroids have a 
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flattened and distorted appearance. The rock breaks down into a 
greenish grey to reddish brown soil, which supports a scrubby 
vegetation. 

At times these basic rocks, especially when they occur in the 
form of sills, show a tendency to alter to a lateritic material, and 
they are often covered by a layer of laterite. The weathering of 
these rocks is at times very similar to the Iron-ore shales. 

The sills appear to be usually more altered than the dykes, which 
is possibly due to cir(‘ulating waters finding it easier to traverse a 
sill than a dyke. 

Silioifi cation of these rocks is often very pronounced, and at times 
the rock consists almost solely of granular silica with a little chloritic 
or micaceous material. 


Chloritisation is another type of alteration that occurs, and a 
dyke that occurs near Chalpagara (22° 21' : 85° 37') is found to bo 
almost completely replaced by chlorite. A certain amount of sec- 
ondary quartz occurs, and the rock is largely cut up by thin white 
quartz veins. 

The sill of basic rock south of Lokesai (22° 13' : 85° 35') is a 
typical dolerite ; but in places it has weathered to a brown sandy 
Lokesai shaly-looking rock, and whore the original 

rock has been amygdaloidal, the altered rock 
still contains the amygdales and there is no doubt of its origin ; 
but when there are no amygdah‘s in the original lock, the altered 
rock might easily be mapped as a sandy shale. In these hills, also, 
some of the trap seems to have been largely silicified, and is now 
represented by cherty rocks. Some of the rock in this sill has been 
largely altered to lateritic material. 

At Kundiasai (22° 16' : 85° 40') is a fairly large dolerite dyke 
with some thin veins of epidote, running through the granite. At 

Kundiasai centre of the dyke, the rock is very coarse- 

grained, but on the edges where the rock has 
cooled quickly, it is extremely fine-grained. The microscope shows 
augite partly altered to chlorite, much altered plagioclasc, ilmenite 
partly altered to leucoxene, and some secondary quartz. 

A good exposure is seen at the waterfall (see Plate 22, fig' 2), 
iu the 11a Gara, U of llugara village (22° 20' : 85° 46'). 

Here the beds of the Iron-ore series are bent 
° * into a flat synoline pitching south-west, and the 

dolerite, which oooora as a all, is seen to be overlain by sandstone 


Kundiaiai. 
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and then by shales, and overlies sandstone with thin bands of shale, 
which accounts for tlie waterfall at this place. Tlic lower sand- 
stone is partly conviTtc^d into a quartzite. Dr. Dunid states that 
to the north, this sill continues as a dyke in the granite. It appears, 
therefore, that the dolerite came through craiks or joints in the 
granite and o<;curs as a dyke, but on reaching the Iron-ore series, 
it seems to have peiietrateil the bedding jdanes and taken the form 
of a silL 

The large mass of basic rock east of Horomutu (22° 03' : 86° 
18'), is very largely weathered to a soft shaly-looking rock of a 
Horomutu purple or buff colour, and resembles the ordin- 

ary shales of the area. The resemblance is 
so marked that it is very difficult to distinguish between the two 
when mapping. Occasional small amygdales can be seen in some 
of the bands, and then there is no doubt. At times, as in the ex- 
posures in the Roger nala^ the rock is fairly fresh, dark grey doleiite, 
but near the Karo river it passes into reddish shale-like material. 

To the south-east of Kotgarh (22° 13' : 85° 32') is a hugh 
sill of basic rock, which has been intruded between purple sand- 

, stones and an underlying shale. The sill is 
Sill south-east of , t i. x • x i 

Kotgarh. exposed over an area of about sixteen miles 

in length by about four to six miles wide. On 
the east side of the Noamundi mine main ridge, the rock seems to 
dip into the hill below the shales and the banded hematite-quartzite 
of the Iron-ore series. To the south-east the rock seems to have 
been intruded between the Older Dharwars, and the overlying sand- 
stone. 

In the Bonai area the granite rock and the Iron-ore series are 
similarly intruded by basic igneous rocks, which occur mainly as dykes, 

„ . , . , but occasionally as sills. These dykes, which 

usually occur as low serrated ridges in the 
granite, are very numerous ; and, although they run in all direct- 
ions, the majority seem to strike E. N. E. to W. S. W. They 
also occur as dykes and sills in the Iron-ore series, but are not 
nearly as numerous as in the granite. In some cases, as west of 
Badgaon (22° 02' : 85° 02'), these dykes are very wide, say one 
quarter of a mile or more. The rock forming the dykes is often 
fairly fresh, especially when the dyke occurs in tlie granite, and 

» Manuflotipt repc^rt, GfeoL Surv, Imi., (1922). 
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varies from a very fine-grained basalt to a quite coarse-grained 
dolerito. The structure is often markedly ophitic. The rock usually 
consists of lath-shaped plagioclase felspar (labradorite to bytownite)^ 
pale-coloured to colourless augite, and ilmenite. The minerals are 
sometimes very altered ; the felspar being altered to sericite and 
saussurite, the augite partly or completely altered to hornblende 
and chlorite, ilmenite altered to leucoxene and sphene. Pyrite is 
occasionally present. Porphyritic structure is sometimes seen when 
large stout crystals of more or less altered felspar occur in a fine- 
grained grey rock. The sills appear to be more altered than the 
dykes. 

In the hills east of Puruapani (22'' 01' : 85" 06'), theie seems 
to have been a series of dykes running in all directions, the molten 
rock having penetrated numerous joints and 
^ ' cracks in the granite. The rock forming the 

hills Mahatra, 2,018 feet, etc., to the east of Purnapani and to the north 
of Jamdih (21° 69' : 85° 07') are fairly coarse dolerites. The rock 
varies somewhat, depending on the amount of alteration it has 
undergone. At the top south end of hill 2,018 feet, the rock is bluish 
grey in colour, fairly coarse-grained and fresh. This under the 
microscope ij found to be a typical dolerite with a coarse ophitic 
structure, and to consist of stout laths of plagioclase felspar partly 
saussuritised, large irregular j)lates of pale brown augiU*, a little 
biotite and some magnetite. On further alteration, the felspar 
becomes completely saussuritised and sericitised, and the augite 
altered into hornblende and chlorite. 

A band of porphyritic basic igneous rock occ^urs in the Erua 
nodi to the west of Kunduruburu (21° 68' : 85° 08'). The rock is 
grey and rather coarse-grained, in which are 
large phenocrysts of what were once crystals 
of felspar. The microscope shows the rock to have an ophitic 
structure, and is found to consist of large crystals of pale-coloured 
augite, sometimes showing simple twinning. A little micrographic 
intergrowth of quartz and altered felspar. The augite in places is 
altered to brownish hornblende. Some ilmenite^ altering to leii- 
(oxenc occurs. A little primary and some secondary quartz is 
present. The felspar is largely replaced by sericitic material. The 
large phenocrysts of felspar are represented by saussuritic and 
sericitic materiaU 


Kunduruburu. 



PART II. -THE IRON-ORE. 

CHAPTER I. 

HISTORY OF IRON IN INDIA, 

Ancient History. 

It is not known when iron was first introduced or was first pro- 
duced in India, but it is believed that the art of smelting and work- 
ing iron was known in Asia, long before it reached Europe. The 
antiquity of the knowledge of iron-smelting and working in India 
may be judged from some of the remains which occur in various 
parts of the country, such as the famous Iron Pillar near the 
Kutb-Minar near Delhi ; this pillar is estimated to be about 1,600 
years old, and it is still a mystery how such a large mass of iron 
was produced. For this pillar is of solid wrought iron and weighs 
over six tons. India also supplied the material from which the 
famous Damascus blades were made. The indigenous Indian iron 
industry until comparatively recently was a very thriving one, spread 
over a large part of the country, and there is hardly a district away 
from the great alluvial tracts of the Indus, Ganges, and Brahma- 
putra, in which slag-heaps are not found. But it has almost died 
out as it could not compete with either the imported metal, or metal 
produced on a large scale in India, and the supply of charcoal for 
smelting purposes was diminishing and being controlled. Iron-ores 
in large enough quantity and of sufficiently high grade to meet the 
demands of the local smelter, occur in almost all districts of India 
except in the alluvial plains of the big rivers, but very few of these 
sources of supply would be of any use to the modern iron-smelter. 
The local smelter used the richer fragments which had weathered 
out of laterite, the rusty material weathered out of sandstones, 
parts of the quartz-magnetite- or quartz-hematite-rot'k which occur 
in varioiis parts of India, but the iron-ore and the quartz in these 
last two tjrpes are so intimately mixed, that only a low grade highly 
siliceous ore is usually obtained. Magnetite sands were also some- 
times used. 

The only province for which statistical tlata are collected 
relative to the indigenous iron industry is the Central Provinces. But 

( m ) 
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there also the industry is steadily declining, as shown by a fall 
in the number of at work from 229 in 1924 to 196 in 1928 

and 106 in 193U 

The industry still survives also in some of the isolak'd parts 
of Bihar and Oi issa, and when I was in Bamra State in 1925, there 
was quite a colony of iron-smelters at work with their primitive 
blast-furnaces about three to lour feet in height. 

Early European Methods. 

Mr. Josiah Marshall Heath of the Madras Civil Service appears 
. to have made the earliest attempt to introduce into India European 
processes for the smelting of iron. He obtained from the East India 
Company the exclusive right of manufacturing iron on a large scab' 
in the Madras Presidency. He resigned the service, and in 1830 
started works at Porto Novo, on the Madras coast in the South 
Aroot district, but had exhausted his funds at the end of a year. 
He was helped at times by the East India Company, but little was 
done until 1833 when he formed a company called the Porto Novo 
Steel and Iron Co. Within three years this company was in diffic- 
ulties and the undertaking eventually proved to be a failure. 
Attempts were made in 1847 and again in 1850 to form a new com- 
pany, but it was not until 1853 that the East India Iron Company, 
was formed with a capital of £400,000, This company obtained 
various concessions from Government, and erected a blast-furnace 
in the South Arcot district and another on the Cauvery river, in the 
Coimbatore district. The smelting was done by means of charcoal 
and the Directors of the company soon saw that the obtaining 
of sufficient supplies of it was going to be a difficulty, so work was 
stopped in 1867 and the Company was dissolved in 1874. 

Attempts to manufacture iron on a large scale in Bengal appear 
to have started in 1777 by Messrs. Motto and Farquahar, who were 
granted the exclusive privilege of manufacturing iron to the west 
of Burdwan. Mr. Farquahar obtained an advance from Govern- 
ment in 1779, but ten years later he gave up the experiment. 

Several attempts were made to smelt the iron-ores of the Bir- 
bhum district between the years of 1866 to 1876, but they were 
all abandoned. Other attempts to introduce European metWs in 
other parts of the country, such as at E^aladhingi in Kumaon, and 
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in Sirmur State all ended in failure. In all these experiments, 
charcoal was the fuel used. 

In 1874 file Baralcar Iron Works Company was formed and was 
the first company to use coke as a fuel. Two blast-furnaces were 
erected at Kulti near Barakar, each capable of producing 20 tons 
of pig-iron a day. The ore used was clay-ironstone obtained from 
near the works. The coke was made from coal obtained within 
a few miles of the works, and the limestone used as a flux was ob- 
tained from the crystalline rocks close by. The company closed 
down in 1879 owing to monetary diflBculties, and the concern was 
taken over by Government in 1882 and was resold by them in 1889 
to the Bengal Iron and Steel Company, with Messrs. Martin and 
Companj as managing agents, who entirely remodelled and gradually 
developed the concern. In 1906 the Company opened a steel de- 
partment, but owing to small demand this was soon closed down. 
In 1919 tl <* company (hanged its title to ‘The Bengal Iron Com- 
pany, Ltd.’. This was the first scheme that turned out to be a finan- 
cial success in India, and was the beginning of a modern iron in- 
dustry on a large scale. The Company in its early days obtained 
its ore from the Ironstone Shales, supplemented by magnetite coll- 
ected from near Kalimati, and from other deposits in Manbhum ; 
but in 1907, the late Mr. B. Saubolle. who was prospecting for 
Messrs. Martin and Company, brought limonitc and other minerals 
to Dr. L. L. Former, then curator to the Geological Su^^cy. The iron- 
ores were from Notu Buru and Budu Burn in the Saranda area of 
Singhbhum. In view of the high quality of the specimens sub- 
mitted, Dr. Fermor advised Mr. Saubolle to return at once and apply 
for prospecting licenses over the bills in question. The Company 
obtained mining leases over these areas, and commenced despatch- 
ing iron-ore from Pansira Buru (a portion of Notu Buru) in 1910. 
This discovery by Mr. Saubolle led to the further rejuvenation of the 
fortunes of the Bengal Iron and Steel Company, Ltd., and by the im- 
petus it gave to prospecting in Saranda, it led to the discovery of 
the vast stores of iron-ore that form the subject of this memoir, and 
thereby rendered possible the ultimate expansion of the Tata 
Iron and Steel Company referred to below to a scale that would 
otherwise have been impossible, and also rendered possible the 
flotation of the Indian Iron and Steel Company. 

Mr. Jamsetji Nnsservanji Tata appears to have been interested 
in a ‘ Report on the financial prospects of jron working in the Chanda 

? 
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district by B. von Schwarz, in which was a description of the 
Lohara iron deposit in the Central Provinces. Mr. Tata went to 
England and America in 1902 and engaged the services of Mr. C. P. 
Perrin and his associate, Mr. C. M. Weld, both of New York. In 
early 1903 Mr. Weld prospected in the Chanda district, and although 
the iron-ore was all that could be desired, there was no suitable 
coal anywhere near. 

Mr. P. N. Bose discovered iron-ore at Gurumaisini in Mayur- 
bhanj State in 1904, and brought the occurrence to the notice of 
Mr. Tata. Mr. Perrin and Mr. Weld made investigations and found 
the deposits were rich and fairly close to the Jharia coalfield. 
The Tata Iron and Steel Company was formed in 1907, and mining 
leases were obtained from the Maharaja of Mayurbhanj, the royalty 
being an average of 2*625 annas per ton for the first thirty years, 
and 5 annas per ton for the next thirty, on a minimum extraction 
of 200,000 tons of ore annually. 

The site selected for the works was at a small village known as 
Sakchi (now Jamshedpur), close to the junction of the Subarnareka 
rive?, and the Ehorkai river. The first blast-furnace was blown 
in November, 1911, and since that time this furnace has been 
enlarged and reconstructed and four other blast-furnaces have been 
erected. 

The rich deposits 1>aken up by the Bengal Iron and Steel Com- 
pany, Ltd., led to further prospecting, which led to the discovery 
of large deposits of iron-ore in Singhbbum, and in the Peudatory 
States of Eeonjhar and Bonai. 

In his Memoir on the geology of the districts of Manbhum and 
Singhbhum, V. Ball^ gives a general account of the distribution 
of iron-ores in these two districts ; bub the portion of Singhbhum 
mapped by Ball, and consequently the localities mentioned by him, 
lies to the north of the areas examined by me. Failure to provide 
for the continuance of systematic mapping to the southwards led 
to the discovery of the rich iron-ores of Saranda being postponed 
for thirty years. 

Dr. J. M. Maclaren^ examined the auriferous occurrences of Chota 
Nagpur, and in his account he describes the geology of the area, 
but makes no mention of the iron-ore. 

1 Mtm. Qed Surv. Ind., XVm, (1881). 

• Bee. Choi. Bvrp, Ind., XXXI, (1904). 
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Dr. Fermor^ in his account of the manganese-ore deposits refers 
to the iron-ores of Singlibhum, but this deals mainly with the area 
near Chaibassa. 

Sir Thomas Holland and Dr. Fermor^ in their Quinquennial 
l^e^dew of Mineral Production for 1904 to 1908, mention the dis- 
coveries of iron-ore at Notn Bum and Buda Burn in Sarandu, res- 
pectively 12 miles E. S. E. and eight miles south-east of Manharpur 
Station, Bengal-Nagpur Kaihvay. In 1918 Ur. Fermor visited Pan- 
sira Burn (a portion of Notu Buru) and gave an account thereof.® 

In the Quinquennial Heview^ of the Mineral Production of India 
lor 1909 to 1913, it is stated, referring to the Bengal Iron and Steel 
Company, Limited, that ‘ recently magnetite and hematite have been 
obtained from the Manbhum and Sinphbhum districts In this 
Review it is also stated that finally this company have now given up 
the use of ores obtained from th(‘ neighboiuhoofl of Baiakar and 
Raniganj, and are now obtaining tbeir ore^ eKclusively from Pansira 
Hill and Buda Hill in the Kolhan Estate, Siughblium, 


^ ImL, XXW'll, (IW.)). 

* Rec Ocol i^urtK hid.^ XXX IX, p. 105 , ( 

» Op cU,, L, p. 14, (1919). 

* Op. cit , XLVI, p 105, (1915). 



CHAPTER n. 


THE ORE-BODIES. 

Mineralo^ of the Ores. 

The iron-ore minerals which occur in the iron-ore area ate:— 

Magnetite (FeaO^), which contains 72*4 per cent, of iron. 

Hematite (FejOj), which contains 70-0 per cent, of iron. 

Martite (FejOj), usually pseudomorphous after magnetite. 
Siderite (FeCOj). 

Limonite and other hydrated ores, which contain 69 to 66 per 
cent, of iron. 

Titaniferous ores. 

Practically the whole of the ore that occurs and is mined in the 
area is hematite of various tj^jes, but, of course, it is almost impos- 
sible to prevent a certain admixture of hydrated rraterial during 
mining operations. 

The ores and the banded henuitite-quartzite are often slightly 
magnetic, btit this is probably due to a small admixture of magnet- 
ite. Small octahedral rry.stali< of magnetite, often converted into 
martite, are fairly common in .some of the banded hematite-quartzite 
and ore layers. As far as 1 know, no quantity of magnetite occurs 
in any of the ore-bodies, but there is one small isolated solid ore- 
btaly of maunetite near Badamjwhar (^2° 0,6' : 86° 07') in Mayur- 
bhaiij Slate. 

J..ilerile which contains up to, say, 4.6 per cent, of iron is abund- 
ant in the area, and a small amount gets shipped with the ore. 

Minerals that occur in very small quantity with the hematite 
are quartz, kaolin, pyritc, apatite and calcite. 

Character of the Ores. 

The hematite varies from a massive steel-grey type containing 
over 69 per cent, of iron, through a porous laminated shaly-looking 
type running to over 60 per cent, of iron, to a fine soft powder 
which runs up to over 69 per cent., and will probably average well 
over 66 per cent, of iron. The porous laminated type at the sur- 
face is often somewhat hydrated and often has a lateritic appearance. 

( 230 ) 
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^kere is usually no sharp Une of division between the difietent types 
and the one seems to pass gradually into the other. 

The following varieties of hematite ore may be recognised : — 

(1) Massive hematite. 

(2) Laminated hematite. 

(3) Powder hematite. 

(4) Latcritac hematite. 

(6) Hematite^breccia. 

(6) Consolidated hematite debris. 

(1) The massive ore, which is practically pure hematite, has 
a steel-grey colour, often with a metallic lustre, and is us uall y 

a.me and compant. 

It has a metallic ring when struck with a 
hammer. This ore has a specific gravity of about 5*0 and specimens 
have yielded on assay 70 per cent, of iron, whilst samples of cxi)Osur<*s 
of the massive ore yield over 60 per cent, of iron. 

This massive ore oft<*u forms st-eep cliffs, which are well seen at 
Joda in Keonjhar State (see Plate 21), and also in the southern ])art 
of the Noamuudi-Kotamati deposit on the Singhbhum-Kconjhar 
boundary. 

The ore is well bedded, but is often broken into blocks by joint 
planes. At the surface this type of ore often has a polished appear- 
ance, and is sometimes coated with a greyish black film. It is 
very resistant to weathering, but along the edges of blocks a certain 
amount of rounding takes place owing to solution. Solution and 
alteration also take place along the bedding and joint planes and 
often result in the formation of thin bands of lateritic material in 
the solid ore. This solution and alteration of the massive ore can 
in some cases be seen to cause a passage into a laminated shaly- 
looking ore (see Plate 26, fig. 1). Theae massive ores occupy about 
eight cubic feet to the ton, but in my estimates ten has taken 
as the lowest figure, in order to allow for interbedded porous laminat- 
ed ore, and for slight lateritic alteration. 

When seen in thin section, the ore is grey and metallic and often 
resembles magnetite ; but it usually has a slightly reddish tinge by 
reflected light. 

(2) The laminated hematite varies in character, from a solid 
reddish type through a solid grey laminated variety, which is dense 

and compact, with a metallic ring under the 
hammer, and might almost be clusired with 


LsmissM hematite. 
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tlie massive ore, to a less solid laminated variety, which is often 
inclined to a shaly appearance, and is often extremely porous. 
This shaly appearance is usually due to thin laminse of the massive 
grey variety being interbandod with thin laminm of less compact 
ore, often of a reddish colour and usually very porous. The spaces 
in the porous varieties occasionally have small grains of white 
quartz, or white, or ferruginous shaly and kaolinic material in them. 
The bedding in this type of ore is usually well marked, but owing to 
the leaching out of much of the original material in the rock, the ore 
is often very contorted and broken up into small fragments, either 
by earth movements or by the weight of overlying material. Cavities 
sometimes occur in this type of ore. It is found in working that if 
the more shaly and poorer mak'rial which may only contain, say 
50 per cent, iron, is hand screened, a large part of the impurity passes 
away with the fines, and ore containing over 60 ptT cent, of iron 
is obtained. 

Leith and Harder^ state that the porosity of similar ores in Brazil 
is due probably to the leaching out of carbonate and perhaps some 
silica. 

The specific gravity varies considerably, depending on the pro- 
portion of the massive ore and the amount of porosity, and varies 
from about 3*6 in the earthy vari<*tie8 to about 5-0 in the solid laini- 
luited types. Owing to their porous nature these ores often be<onn- 
Uydrated, and tend to become iateritised. This type varies in 
density from about ten to twelve cubic feet to the ton, ranging up to 
lifted] cubic feet, when very porous. As would be expire ted, tlie 
:m>ii eonient varies considerably, but is usually well ov(‘r (»d j)er 
cent., and in some of the denser type approaches very closely to that 
of the massive varieties. 

This laminated ore can be seen in places to pass laterally into tlie 
ordinary banded liematit'e-quartzite. Attention was first drawn to tliis 
passage in my Progress Report* for 1918-19 as occurring at Sasangda 
and other jdaies in the main iron-ore range. Examples of this 
passage have also be(»n exposed in the recent mining operations on 
Hills 1, 2 and 3 at Noamimdi mine (see Plates 26 and 26). 

There seems to be no doubt that this type of ore has resulted 
mainly from the leaching out of silica from the banded hematite- 
quartzite. 

1 Ikon. €koi. VI, p. m, ( 0J1) 

* leport, Burv* Ind*f (1819). 
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There is also a type of laminated shaly ore which has resulted 
from the alteration of the shales. This type may be very rich, 
running to well over 60 per cent, of iron, but it gi-adually passes 
into the usual shales of the area. 

(3) The powd«»Ty variety is usually so fine-grained and unconsolid- 
ated that it falls into powder at a touch, but it usually contains 

_ . ^ some lump> or bauds of harder ore. This 

powder ore can been seen m parts of most of 
the areas where mining or quarrying operations have taken place, 
and is well exposed in some of the workings of the Bengal Iron 
Company at I'ansira Burn, near Duiu, ^^herc‘ some 86 feet (tr s<> of 
bard oia* has been removed. Tunnels put into the hiU in Buda 
Buru, near Cliiria, for a distance of some 150 feet are almost continu- 
ously in tliis soft powder ore. It has also been encountered at 
tlio Noamundi mine, at Gua, at some of Messrs. Bir<f and Co.'s 
workings near Barabil, and to tin' north-\\( st of Bolaui. 

Although usually containing o^cr 65 per cent, of iion, it is of 
very little use at present, and is looked on with disfavour bj the 
blast-furnace operators, as the material tends to choke the blast- 
furnace or get blown out into the flues. The powder, whicli in the 
mass i*' dark blue-grey in colour, consi^^t*^ mainly of grey, ragged, 
irregular shaped fragments, with flakes of red transparent micaceous 
hematite* occasional octahedral crystals ocair, uhich appear tr» 
be luainly martite, but a very small proportion of these crystals 
are magnetic. 

I)r. Fermor^ stated in 1919 : — 

* 8uch dovclopmcnt work as has yet been done in ISinghl bum and Goa in- 
dieates hoA\ever that below the compact hematite liis fiiable miealeou^ lunjatitc.* 

A striking feature of some of these soft powder deposits is the 
iKCurrence in them of thin buls of white clay like material. This 
feature can be well seen in the tunnels noted above, and also on the 
east side of the main range near the top bunker of the Gua workings. 
The soft ore is only occasionally exposed at the suiface, and when so 
exposed, it is usually due to a slip of ground or to* cutting by a hill 
stream. An exposure of this t}T?e was seen in the stream (Bai- 
kichri Lor) cutting at about the 2,000 feet contour on llie west side 
of the Gua main range. 

The soft pow'dery hematites of India have been very little opened 
upi and therefore few screen tests have been carried out on them. 

^ jycc. Ai. 8oc, B€$^gah XV, p. oixxz, (1919). 
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The fdttowing table shows tiie iresults of a series of sieve tests made 
hj me ; — 


Table 1 . — RetuUs of Screening Tests on powdery hematites. 
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No. 1. Typical bine duet hematite from Noamimdi. 

Ko. 2. l^rpioid blue dust hematite from Bnda. 

No. 3. Coarse blue dust hematite from Buda. 

No. 4. Typical blue dust hematite from Qua (long incline). 

No. 5 . Typical blue dust hematite from Gua (long incline). 

No. 6. Blue dust with hardish bands from Gua (near top bunker). 

No. 7. Blue dust ¥dth hardish bands from Qua (near top bunker). 

No. 8. Coarse blue dust hematite from Pansira. 

For the purpose of these sieve tests, samples of about fifty pounds 
were reduced to about five pounds, which was put through the sieves. 
The iron content of some of the grades was determined in the Geo- 
logical Survey Laboratory on the dried sample No. 4 from Gua 
and the following are the results ; — 
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Tbib nndried sample contained 0*275 per cent, of water. 

1 w<i^j|b^ * iafl^le of tha nndried blue dust No. 4; this had 
become looee in handling, but it was gently tapped in the container, 
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and gave 164*5 lbs. to the cubic foot, or 13*7 cubic feet to the ton 
(2,240 pounds). 

Dr. Percival of the Tata Iron and Steel Co., Ltd., gave me the 
following results of two screen tests made by him: — 


Over 10*inesh 

• • . 




No. 1 
31-6 

No. 2 
17*62 

Through 16 over 

32«ine8h . 




10*0 

10*30 

f* 32 ,, 

60 „ • 




14*1 

18*62 

»• » 

100 „ 




1*0 

1*47 

,, 100 ,, 

200 




3*3 

6*80 

Below 200*meeh 

. 

• 



40*0 

46*10 



TotaIi 


100-0 

100-00 


He states that the only large material consisted of thin flakes 
up to half an inch square and perhaps one-sixteenth of an inch 
thick, which were picked out before the sieve tests were done. 
In consequence of this extreme fineness, some of the iron companies 
in India do not consider that this material should be included in 
their reserves of ore. 

It vvas extremely difficult to got any definite information in 
Indm on the economic possibilities of these rich soft ores ; but my 
visit to tin* Lake Superior ranges has convinced me that some part of 
these soft hematites should be included in the reserves of ore held 
by any mining < ouipany, and that the balance of this valuable 
matei*ial should not be wasted, but should be considered as a possible 
reser\e for the future. Th(‘ Mesabi ores contain a fair amount of 
coarse material, and it is fotmd that about 70 per cent, is coarser 
than 40-me8ln whilst about 10 per cent, will pass through a 100* 
mesh. In India the soft hematites appear to be much finer^-gramed 
and there is only about 40 per cent, over 40-me8h, and usually some* 
thing like 40 per cent, of the material will pass through a lOO-meslu 

This powder-ore is at times seen to pass laterally into the friable 
laminated ore, and when looked at in situ in a mining face, it is 
difficult to imagine that it is a soft powder, but immediately it is 
touched, it falls to the ground as a powder. The lateral passage 
of laminated ore to powder-ore is shown in Plate 25, fig. 1, which 
shows one of the working faces at the Noamoudi mine. 

(4) The lateritic variety occurs iu large quantities throughout 
the iron-ore area, as a surface alteration product, sometimes of the 
iron-ore itself, at other times of the ferruginous 
te € ore. shales, and at still other times of the hematite- 



386 CECIL ;rONES : IBON-OEB deposits of BIHAB and OBlSSA. 


breccia or other rooks. Lateritisation is usually a surface feature, 
lint attention has already been drawn to the formation of laterito 
bands along the joint and bedding planes of the massive hmnatite. 
The laterite is usually of too poor a quality and too rich in alumina 
10 be of use as an iron-ore, though at times owing to the presence 
of fragments of unaltered hematite in the mass the iron content is 
nearly 60 per cent., and it becomes of economic value ; but it 
usually runs to between say 40 and 50 per cent, of iron. These 
angular fragments of hematite arc often found in the laterite, whioli 
has been formed by the alteration of the porous laminated t 3 rpe of 
ore, and in this type of alteration the laterite seems to break up the 
original hematite into fragments, which later occur lying at all 
angles in the laterite. At times the original bedding can be dis- 
tinguished, and then it is known to some extent from what type of 
rock or ore the laterite has been derived, but at other times the 
lateritisation has been so complete as to obliterate all traces of the 
character and bedding of the original rock. Ijateritisation increase? 
the proportion of alumina to iron, and the lateritic ore is usually 
fairly high in phosphorus. 

During the sinking of a prospecting pit in the Noainundi mine 
area, the coolies after opening up to a depth of about fifteen feet, 
•suddenly broke through to an underground cave. The c^ve was 
about four feet high, but the distance to which it extended was not 
determined, owing to the tuurrowing down in its height. The pit 
Wivs put down in a ferruginous lateritic material, and an analysis 
of this material made by the Tata Iron and Htcel Co., Ltd., showed 
that it contains 30’5 per cent, of CaCO,, the solution of which evid- 
ently accounts for the cavity. 'J h^ appears to have been a narrow 
band which ran high in lime, as analyses of the surrounding laterite 
indicates il to be of the usual ferruginous type. 


Similar caves to this may occur in the area, and it is a possible 
explanation of the hollow sound that is sometimes noted when 
walking over some parts of the iron-ore area, more especially some 
of the large lateritic plains. 


(6) In my descriptioid of the iron-ores of Binghbhum and Orissa, 
I included under hematite-breccia various types of ore, including 


HeiiMtlte-bfMcla. 


the debris or talus material which accumu- 
lates on the slopes of hills, or in old stream 


I am. QmL Ew«. M., 117, p. UO, (imt. 
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Valleys, and which gets consolidated together. Also material which 
has been broken up by faulting and recemented. Also the true 
hematite-breccia which occurs interbedded in the iron-ore series. It 
has since been recognised that the term hematite-breccia should be 
used only for the latter type of ore. 

This brecciated type of ore occurs at numerous points in the iron-ore 
area, and in some parts such as at Jiling Bum, near Gua, it forms an 
extremely valuable iron-ore. It is made up of fragments of hematite 
cemented together by hematite. Dr. PercivaU says ; — 


* It has th(^ appc^aranoo of ha\ ing been )>roken up in siiu and i-ecemeuted whiki 
fresh supplies of iion oxide le still being brought in.' 

Tlie ore coneiats of angular fragments of solid blue-grey hematite, 
cement od together by a reddish brown duU-looking hematite, and 
often contains well o^ei 60 per cent, of iron. Angular fragments 
of banded hematite-quartzite also occur, and when these are in large 
amount, the ore becomes too siliceous to be of economic value. 

(6) The consolidated debris is the cemented hematite l>oulder 
or pebble material which accumulates on the slopes of hills, in old 
r 1 .^ valleys, and on plains between the hills. 

It consists of rounded and angular fragments 
of solid and laminated hematite cemented together by lateritic and 
occasionally by liomatitic material. It often forms small scarps or 
( hfis of conglomeratic material overlying rich hematite, banded 
hematite-quartzite, shale or other rock, so that a considerable 
jiinount of pitting may be necessary before it is possible to get an 
idea of the underlying rock for the estimating of quantities of iron-orc 
])rcsent. Plate 26, fig. 2, whi(‘h was taken near the bear caves on 
the western slopes of Paehri Buru, Noamundi mine, shows this 
( onsolidated debris overlying rich laminated hematite. A similar 
type of material, but in which the fragments are largely banded 
hematite-quartzite cemented together by lateritic material al^ occurs, 
but is useless as an iron-ore. 

Consith^rablc amounts of this consolidatcfl debris oc*eurs in the 
iron-ore area, and it constitutes a rich and valuaiile tyi>e of ore, 
often ctmtainiiig well over 60 per cent, of iron* 

Tlio slopes of the hills in which the ore-bodies oicur, and the 
ore-bodies themselves, are often partially covered with a thick layer 
of soil in which are scattered fragments and boulders of rich hematite 


^ IVant. Mim, GtoL ImU Imk, XXVI, pp. 1SS-1S9, (1931). 
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at times mixed fragments and bonldera of banded bematite- 
quartzite. These debris deposits, knovm in the mining area as 
‘ float *, oonstitute a valuable and easily worked type of ore. 

Quality of the Ore. 

In the Quinquennial Review of Mineral Production for 1909-lS 
an average analysis of the ore at Pansira Bum and Buda Bum is 
given ; — 

Pwr cent. 


Iron • • . . 64*00 

Silica 6*00 

Manganese 0*06 

PhosphoniB 0*05 


This agrees fairly well with a number of analyses given me by the 
Tata Iron and Steel Co., Ltd., from samples collected from the de- 
posits taken up by them, and shown in the following table : — 


Tai^ 2 . — Analyses of samples of Iron-Ore from South Singhbhum. 


— 

SaBangdn. 

Jarida 
Bum, 18 
cam idea. 

Kotamati 
Baru. 10 
■amplee. 

Paohri 

Buru. 

Dirisinm 
Buru, 6 
samplee. 


Per oent. 

Percent. 

Pier cent. 

Per oent. 

Per oent. 

Iron .... 

64*3 

03-74 

03-33 

63 94 

02-95 

Sulphnr .... 

0015 

0*019 

0-080 

0*024 

0*018 

Fhocphonift 

0068 

0*080 


0*072 

0*087 

Mnnganece 

•• 

0104 

trace 

trace 

trace 

Titanium 

• • 

trace 

•* 

•• 

nil. 

Incdablc reaidue 

112 

2*35 

2'U 

2-49 

1*24 


In the Sasangda deposit the phosphorus varies considerably 
up to a maximum of 0*103 per cent. 

In the above mentioned 18 samples from the Jarida Burn area 
the phosphorus vmried considerably from 0*038 up to 0*162 per cent. 

i 

1 Bie. OeoL aimv. Ini., XLVl. p. lOt, (1916). 
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Two of the above samples from the Eotamati Burn area were 
tested for titanium, and gave 0*25 and 0*20 per cent, respectively. 

Four samples from Paohri Burn, tested for titanium, only gave 
traces. 

One of the above samples from Dirisium Bum gave 0*31 per cent, 
of titanium. 

The average of samples taken by me from the deposits at 
Sasangda, Jarida, Panaira, Gua, etc., and assayed in the Geological 
Survey Laboratory, gave about 64 per cent, of iron. Samples of 
the hard compact ore from the l>ett<'r parts of the deposits often 
run up to 68 or 69 i)er cent, of iron. 

The Iron-Ore Bearing Rocks. 

The iron-ores as noted on page 196 occur mainly in the banded 
hematite-quartzite and to a less extent in the adjoining ferruginous 
shales, which have been partly converted into ore by local re- 
placement. 

The iron-ore of commercial value at the present time forms only 
a very small port of the iron-bearing rocks. Although it has not 
been accurately determined for the whole area, the results of the 
iron determined in a large number of samples and specimens shows 
that the iron c ontent of the banded hematite-quartzite will probably 
average from about 28 to about 30 per cent. 

This banded hematite-quartzite consists of interbanded layers 
of silica, iron oxide and intermixtures of the two. The rcx:ks are 
c5onvertod into ores by local enrichment, mainly by the leaching out 
of silica, but in some oases there is a eai^tain amount of iron introduced. 
All gradations between the banded he.matite^iiartzite and iron-ore 
occur. 


structure of the Ore-Bodies. 

The ore-bodies are the result of alterations of some of the richer 
parts of the iron-bearing rocks, mainly the banded hematite-quart- 
zites, but also occur as an alteration of some parts of the shales, 
and ate mainly confined to those parts where the altering waters 
have the greatest circulation. This oirculatiun depends on the geolog- 
ical strnoture, faults, impervious rooks, etc., and these, being 
very irregular cause the shape of the ore-bodies also to be very 
irregular. Little ezploratoiy work has been done, so that com- 
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paratively little is known of the depth to which these alterations 
have gone. 

Some of the ore-bodies, such as Pansira Buru, where mining 
operations have been going on for some years, are seen to be roughly 
tabular in shape, dipping at about 70°. The Noamundi ore-body 
was originally tabular in shape with a flat dip of, say 10°, but this 
is now broken up by a series of faults into a number of tabular 
bodies. 

Faults are common in most of the iron-ore-bodies and have 
no doubt largely assisted in giving easy access to the altering solu- 
tions. 

Distribution of the lron«Ore. 

The ore-bodies and the banded hematite-quartzite are the hard- 
est and most weather-resisting materials in the urea, and therefore 
the iron-ore usually occurs at or near the tops of hills or ranges of 
hills ; but near Jamda, in the south of the Singhbhum district, 
and in the eastern part of the iron-ore area of the Keoujhar State, 
it is often found at very low levels, and in some cases actually in 
the plains themselves. The most important of these ranges of 
hills is the one that starts near Rontha (21° 46' : 85° 08') in the 
Bonai State, and continues to the N. N. E. to a point about 
three miles south-west of Gua, a distance of about thirty miles. 
Running more or less parallel to this range, and possibly faulted 
from it, are other smaller ranges which contain good iron-ore. The 
main range rises some 1,600 feet above the plain, and iron-ore 
averaging over 60 per cent, of iron occurs for practically the whole 
length of the thirty miles. A few small breaks occur, where the 
rock has not been replaced, or where folding has occurred, but 
these are negligible compared with the total length. The rocks 
forming this range dip at about 70° in a north-west to west direction, 
so that the width of the outcrop of the iron-ore gives practically 
the thickness of the ore-bodies. 

Average Sample of Ore at Noamundi. 

Dr. Percival states^ that the average analysis of the ore despatched 
from the Noamundi mine does not correspond to Gie material in 
sUu, as the fines below half an inch are rejected and these are high 
in silica and ^umina. 

\Trant. Min, CM. Inti. Ini., XXVl, p. 18»,S(19S1). 
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A complete aiialyeis of the average samples taken from a (lay's 
run of the Noamundi mine is given by him as follows 


SiOg 








Per cent. 

2-42 

FeO 









Pe,0, . 








. 85-87 ^ 81*94) 

A1.0, . . 








4-31 

TiO, 








. 0-34 

MhO 








0*11 

MgO 








. 0-17 

faO 








. 0*35 










VbO 








wf7. 

CO. 








0*43 

Total alkalicw 








0-10 

Cr,0, 








7hL 

v.o, . . 








nil. 

CuO 








0*010 

WO, 








. 0*004 

,\iO 








. nil. 

CoO 

• 







nil. 

ihO. . . 

• 







. 0*188 (P-0*OS‘2| 

so, 

• 







. 0*024 

AB 203 








. nil. 

ronihinetl wntor 





. 


. 

. 3*26 


Totai. . lOO'OSG 


In this analysis Ihc alumina is higlmr than the average, duo to 
the inolusion of some Intoritic ore in the wagons. 

Origin of the Iron-Ore. 

The rocks in which the iron-ore occurs are, as previously .stated, 
similar to those pre-Cambrian iron formations wlxich occur in diffcj- 
ent parts of the world, and whose similarity was early recognised 
by the writer. The best known of these pre-Cambrian iron form- 
ations is that of the Lake Superior Region of the United Stato.s 
of America, where iron-ore was first mined in 1848. Much discuss- 
ion has taken place on the origin of these iron formations, as noted 
on page 190, but it is generally believed that they were marine 
chemical sediments, though the source of the iron is still doubtful. 
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Dr. C. K. Leith stated^ in 1924 :~ 

* Prol)leznfi of distribution, structure, and secondary ooncentratioii of the iron 
ores in these foimations have been pretty well solved, but the question of the ulti- 
mate source of the iron and the sedimentary procesaee which segregated them on 
such an immense scale is yet in the main unanswered. 

The originally deposited materials are iron oxide, iron car bcnate, ii on silkates, 
more or lees interVcdded with chert or tard or other sediments. In the main they 
are clearly chemical sediments, to a slight extent organic and locally a small amount 
of fragmental deposition may be noted. 

The fact that iron formations are not noimal results of the common cycle of 
erosion and deposition exhibited in the geologic column, but are highly unusual, 
in itself shows that the process of accumulation must have varied in some essential 
particular from the process of normal weathering, transpoitation, and deposition 
which go to make up the common sediments. 

It will be noted that the principal difircultirs to be cnccuintcrc d relate to the 
source of such large amounts of iron salts, and to the transport processes which 
are able to segregate them so thoroughly, and not to the manner of precipitation 
from solution after they have been brought together. Simple and well known 
chemical processes such as oxidation adequately account for precipitation on a 
large scale ; also organic agencies such as 1 acteria and algae are known to take 
part in this phase of the work.* 

At a meeting of the American Institute of Mining and Metalluruical 
Engineers held in December 1931 , Dr. Leith said : — 

* Insolubility of silica is a myth. Silica is 'rndely distributed through the rocks 
of the earth and a relatively great weight of silica, particularly in the form of sili- 
cates, is Jeached out in ordinary weathering processes. True its solution is faci- 
litated by higher temperatures, but the absence of high temperatures puts no parti- 
cular burden on the proof that cold solutions can dissolve without the excess heat. 
The difficulty is in explaining this loss of silica on the extremely large scale that 
must have been necessary for the formation of the extensive oie dejiosiis of the 
Pre-Cambrian era.’ 

In my Progress Report for 1918-19, it was stated* that I considered 
that the ore-bodies are derived from these rocks (the banded hema- 
tite-quartzites) by local enrichment, largely by the leaching out f>f 
silica, and to a less extent by the introduction of iron oxide. The 
porous nature of a large proportion of the ores seems to indicate 
that they have been largely produced by the leaching out of the 
silica from the banded hematite-quartziteg. The fine and irregular 
grain of the quarts in tihese rocks afford large surfaces for solution 
by percolating waters. 

Kothtng has been recorded in the area which suggest that organic 
agencios h^ any place in the precipitation or formation of the iron- 
ore. 

up, m-m, (1924). 

f Beport lot lUs, Mtc, Ouji, 8wv. Ind,, LI, p. 18, (1920). 
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The lateral passage of banded hematite-quartzite into iron-ore 
was recorded at several localities during the first seAson’s work 
in the area, but this passage is more clearly 
Ismlnafed oW.***^ produced during the mining 

operations at the Noamundi mine. There seems 
to be no doubt that the j>orous ty])(‘ of ore has been mainly formed 
by the leaching out of silica from tlie banded hematite-quartzite. 
There also seems to b(‘ no doubt that at times some secondary hema- 
tite has been brought in and deposited by meteoric waters, but 
generally speaking the spaces which were originally occupied by 
silica are now enipty in this type of ore. This porous type of ore can 
be traced lat< rally into massive laminated ore and into massive ore. 

In a mining fae(* near the hospital at the Noamundi mine, tlie 
banded rocKs can be seen passing laterally into shaly looking some- 
what (Tiimphd ore. and m the middle of this mass of ore is a horse 
of banded hemal ite-({uartzite (s(e Plate -0, fig. 2). A similar 
hc*rse was m one of the working faces of Hill I, Noamundi 

mine. This change from banded liematite-quartzit-e to ore is mainly 
due to the leaching out of silica, but some of the iron has gone into 
solution and in tlie h use in Hill 1 noted above, some of it seems 
to have I eii redeposited, and to have it placed some of the silica of the 
original rotk. Then* seems to b<* no doubt that in these cases 
there w«is a lateral passage from the banded quaitzite into ore. 
During tin* leaching tnit of the silica, the hematite bands of the rocks 
were gtmerally left unsu{)j)orted ; the weight of the overlying roi*ks, 
and possibly movement in th€‘ bods broke the‘5e bands down into 
slaty fragments whit li slumped and often lay in all directions, to 
be roeemented to •^ome t \tent by ferruginous material brought 
in later by jXTeolating solution^. 

In some ease's tie* iudiviiiual Inind of hematite in tlie banded 
hematite -quartzite* (*an be traced into the ore, but often the ore 
has slumjied to some extent, and the band cannot be followed far. 

Some of the porous ore in this iron-ort* area i*^ certainly formed 
by repho’ement of the shales by the action of meteoric waters. At 
the Noamundi mine, the shale which underlies the banded hematite- 
quartzite is b(*ing mined and despatched. A gradual passage with 
increase in iron content, can be traced from the pale-coloured shale 
to an ore containing over 60 per cent, of iron. A similar example 
was recorded^ by me in 1021, whm* on the lower slopes of Kala Parbat 

' Unpublished tOAnnsoript, Ueol. Svrv, Ind., 

G 
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in Eeonjhax State, neatly white shale becomes more and more stained 
and replaced by iron oxide which has been deposited from iron bearing 
solutions, until the rock eventually becomes rich enough to be classed 
as an iron-ore. Dr. Percival^ considers the massive ore to have been 
deposited originally in its present form, and that it is not a 
replacement ore. 

The massive ore is closely associated with the porous laminated 
ore. and there is no doubt tWt the one can be traced laterally 
into the other, and eventually into soft powder 
ore!^**" of the matsive banded hematite-quartzite. This sug- 

gests that these different types of ore and rock 
were formed in a similar manner. 

It has been shown on page 2-1 H that the porous laminated ore 
has been formed mainly by the leaching out of the silica of the band- 
ed hematite-quartzite, and to a less extent by the replacement of 
this silica by iron oxide. There is no doubt that there is a certain 
quantity of secondary hematite in the rocks. At first it was con- 
sidered that these massive ores resulted from the metasomatir 
r^lacement of the silica in the banded hematite-quartzite. 


These massive ores show alternating layers of slightly varying 
type, some of the layers being slightly porous. These ores have 
oidy been opened up to a small extent, so there have been few op- 
portunities of seeing any residual silica in them. If these massive 
ores have been partly formed as has been suggested by the replace- 
ment of the silica in the banded hematite-quartzite, then there 
must have been considerable movement of meteoric waters which 
would undoubtedly have dissolved and carried away all the silica 
in the ore. There is no doubt that meteoric wat^ carrying fer- 
ruginous material, has deposited -some secondary hematite in the 
rocks and ore-bodies. These massive ore-bodies may possibly not 
have been formed by metasomatic replacement; but there seons 
to have been an introduction of secon^uy hematite, which occupies 
the space that was once occupied by silica. 


The powder type of ore was originally considered to be a chemical 
precipitate which had been formed suddenly by some marked change 
in the conditions under which the iron was 
Orlidii of the powder jjj solution. It was difficult to account, 

however, for its remaining is this powdery 


* Xm, dt., p. 241, (1931). 
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condition since pre-Cambrian times. Later, after seeing examples 
of this powder ore passing laterally into the porous and massive 
laminated ore, it was concluded that they must all have been formed 
in the same way, and that is by the leaching out of silicfi from the 
original rook, leaving the finely divided hematite as a powdoi. 
The harder consolidated bands in the powder would represent bands 
in the original rock that contained less silica than most of the rock. 
The powder ore is similar in appearance to the porous laminated 
ore, and from a few yards away it is sometimes difficult to say which 
type of ore is exposed, but the powder ore when touched, falls down 
as an unconsolidated powder. 

On Bonamuli Burn, near Qua, and at other places, thin whit^ 
bands of shale or kaolin occur interbedded with the powder. It 
is difficult to understand why these thin bands of w’hite shaly ma- 
terial should remain so unaffected in the middle of the pm^der, 
whilst such large <|uantitie8 of silica have la^en leached out of the 
rock ; also why the ])ei*colatin<» solutions have not consolidated 
the powder to a gre^iter extent. 



CHAPTER III. 


ESTIMATES OF QUANTITIES OF IRON-ORE. 

Introduction. 

Work in the iron-ore area of Singhbhum was conunenced in 
November, 1918, but after a f('w months work it was realised that 
it would be impossible to get more than a very rough idea of quan- 
tities of iron-ore available in the area. In December, 1918, I reported 
after examining the hills near Pansira Buru, Raijori Burn, etc., 
that large exposures of rich iron-ore were comparatively rare, owing 
to the soil-covered and forrst-elad hill-slopes, and to the lateritis- 
ation of the ore-bodies at the surface. Large cliffs and exposures 
of rich hematite are, however, sometimes seen in the larger and more 
massive ore-bodies. Rich boulders of hcmatitie and exposures of 
lateritc may, ot may not, indicate the presence of good iron-ore, 
and a considerable amount of pitting, trenching ai\d drilling is neces- 
sary in order to prove an ore-body. 

In making estimates of the quantities of iron-ore available, one 
of the main points is to decide what is to be considered an iron-ore. 
Material which would be considered rich iron-ore in some other 
countries might be considered useless by the iron-smelting com- 
panies in India. My calculations were made on ore which I con- 
sidered averaged not less than 60 per tent, of iron, and no attempt 
was made to exclude thin bands or small patches of matetial which 
were slightly below 60 per cent, of iron, but which when mined with 
the mass, ttould average not less than 60 per cent, of iron. 

It was recognised (juite early in the investigation that the hard 
hematite would probably pass into softer or powder hematite in 
depth. There was practically no information as to what depth 
the hard ore extended, as very little prospecting work or opening 
ujt of the deposits had been carried out, so it was impossible to give 
separate estimates fur hard and powder ores, and therefore no special 
attempt to exclude those rich powder ores was made. 

( 246 ) 
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For the estimation of quantities and for the mapping of the iron- 
ore, the Forest Survey maps of Singhbhum on the scale of four 
inches to the mile, are very good. For the 
• Bonai and Keonjhar States, however, the best 
noiapB available were the Bihar and Orissa sheets on the scale of one 
inch to two miles for a small area of the States. For the remainder 
of the area in these States, the best maps were the old Bengal Survey 
sheets on a scale of one inch to a mile, done about 70 years ago. 
These maps are not contoured, and are not very accurate. New^ 
maps of the iron-ore area on the scale of one inch to the mile have 
been prepared, and were used by Dr. Krishnan in his re-survey 
of parts of Keonjljar and Bonai States, and in his estimation of 
quantities of iron-ore available. 

The estimates have been made almost solely from surface ol>- 
servations. In all castes the ligur<‘s, <^xcept wdiere oth(‘rwise sUitc il, 
refer to ore-bodies averaging not less tlian 
per cent, of iron, and should be looked on as 
the minimum quantity of ore in the ore-body ref(Tretl to. A large 
part of some of these ore-bodies will probably prove to be powder 
ore, but it is quite impossible to give 8eparat<‘ estimates for this 
fi’om the information at present available. The only area that 
has been faiily thoroughly p?osj>t'ct»d is ihe K^dam.*t ndg of ti e 
Tata Iron and Steel Co.’s Noamundi mine, where tlie Company 
has put dowai 42 bore-holes, hundreds of pro&pecting pits, trenches, 
etc. The result of this work has been given by Dr. Percival^, 

and he has separated the iron-ore into two grades : — 


Methods of estimation. 


Grade A. which means ore that can be economically 
worked at the present time. 

Grade B, includes the pow^der ore, and ore which he 
considers economically unworkable. 

In this Noamundi mine area, Dr. Percival's figures show that 
only about 60 per cent, of the total ore is Grade A. In the Lake 
Superior area of America, the practice of siuteriug soft powdery ores 
is increasing, but it is doubtful if it would be economically possible 
to sinter the Indian soft ores, whilst hard ore is available. It 
is possible, and highly probable, that new’^ methods of treatment 
of such ores will be developed in the future, so that most of his 


1 Trans, Min, Qeol, InsL Ind., XXVI, pp. 169-271,(1031) 
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Grade B ore may be looked on as a possible reserve for the 
future. 

The number of cubic feet of ore that goes to a ton depends to a 
great extent on the porosity of the ore, and the figure used in making 
the estimates is largely a matter of judgment. For the solid mas* 
sive ore, in no cases has leas than ten cubic feet of ore to the ton 
been taken, although theoretically seven cubic feet of solid hematite 
goes to the ton, and there seems little doubt that parts of some of 
the ore-bodies, such as Kotamati Buru, Faohri Buru, Joda East, 
parts of Sasangda, etc., will probably very nearly equal the theoie- 
tical figure. In the porous shaly-looking ores, about 12 to 15 cubic 
feet has been taken to the ton of (are. 

In the case of certain hematite debris areas, it is probable that 
the debris covers solid ore, but prospecting pits or other means 
are necessary to prove this. In these debris deposits, an average 
thickness of five feet has been taken, and from 3U to 50 cubic feet 
of ground to the ton of ore. 

It is impossible to say what happens below the surface with ore- 
bocEies that have been formed in the manner that most of the ore- 
bodies in this area arc supposed to have been formed, viz., by the 
leaching out of silica from the banded hematite-quartzite, and to a 
less extent by the replacement of the original rock by iron oxide ; 
but it is difiicult to imagine a big ore-body such as in the main 
iron-ore range, where the rucks and ore dip about 70“ to the north- 
west, and the ore is almost continuous for a length of 30 miles, with 
a breadth varying from 400 to nearly 1,000 feet, dying out in a short 
distanoe below the surface. 1 have no doubt, therefore, that ore 
will be found in parts to extend to many hundreds of feet in depth, 
but, of course, borings or other prospecting work is necessary to 
prove this. The slopes of hills where the ore occurs are usually 
covered, and it is only occasioualiy from observations of height 
between the ore at tops of hills, and the same bed of ore in streams 
cutting or running away from these hills, that it is possible to get 
an idea as to the depth to which ore extends. In no case, however, 
has more than ‘iOU feet below tiie surface been considered as ore, 
although from diiftsences of height, as much as 700 feet have been 
observed. 

Ore considered useless at the present time, may be an exteemely 
valuable asset m the fstUMb It is certain that as the supply of 
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hard rich ores become worked out, the use of poorer quality ores 
to mix with the remaining rich ores will increase. The banded 
hematite-quartzite itself will no doubt be used eventually when the 
richer ore becomes exhausted. 

In the Lake Superior area of the United States, the grade of the 
ore being smelted is gradually getting lower. There are still large 
quantities of hard rich ore available, but lower grade ore is being 
mined and mixed with the rich ore, to give an ore which is just 
economically workable, and thus extend the life of the ore deposits. 
In this same area, some ores which average say 45 per cent, iron, 
and which in the past were considered useless as an ore, are now 
being concentrated by washing, and thus gives an increase in the 
amount of reserves available. 

It will be seen from the above rcimarkb that any estimates of 
reserves depend pjirtly on a number of uncertain factors, and a 
difference of opini<m on some of these factors may give rise to con- 
siderable variations in estimates made by different workers. 

The major part of the iron-ore seems to be fairly evenly divided 
between Singhbhum district, the Bonai State and the Keonjhar 
State. 1 have not estimated the quantity of 
Distribution of the iron-ore in the Mayurbhanj State, but there is 
supposed to be about 18,000,000 tons of ore 

available-. 

The following table gives an approximate idea of the quantities 
of iron-ore available in the iron-ore an as, but it is impossible to 
give any idea of how much of this will be hard ore, and how much 
soft ore : — 

Tons. 

Singhbhtim distriot 1,047.000,000 

Bonai Stata 618,000,000 

Keonjhar State 9S8,o0u,0<K>*^ 

^fa3rurbhallj State 18,000,000 

'roTAL . 2,701,00»),000 

In the tables on pages 25U to 2(iD are given estimate^ made oi> 
the quantities of iron-ore occurring in the different ore-bodies ol 
the area. The position of the ore-body referred to may be obtained 
by noting its number and referring to the map (Plate 52). In 
these tables, the column which gives the thiclmess in feet, refers 
generally to the continuation of the ore in depth below the surface, 

^ Another, higher, estimate is given on page 268. 
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Siaghbhttm District. 

Table 3 . — Estimates of Iron-Ore in SotUh Hin^hbkum. 



Area tu squatp 
feot. 


Thick- Oabio feot 
QPS8 per Quentity in toiui. 

in feet. ton. 


1. KoUmati Bum, north area 


. Paohri Bum . 

Bond Burn, sonth area 


Lagtrda Bum . 


. Cliariapat Buru • • 

. Maha Buru (2 areas) (a) . 

»* fi *1 • » 

. liilLl,760 feet < Baljori) . 

. jNotu Bum . . . . 

. Pansira Buru .... 
Banalata Bum. aoutii of PaiisUrn 
. Ankua, Buda Buru . 

„ Uogordui Buru 
. klaran.^ Poogu . 

. Birisiuin Buru 


. liokolata Bum . • 

Jalauijal Buru, nortii of Bural Bum 
> Ohatua Buru • . , • 


. Jorldu Buru, aoutii area • 

„ debris, eaat side , 

„ „ west side . 

Butt of Idrl Bum , • 


„ debrtoMt^-ir^A^nd east of idri 


2,895A00 

25,155,900 

13,812,000 

1,51H,000 

1.524,000 

1,960,200 

1,306,800 

2,940,300 

2 . 613 ,^ 


34 ,^ 48,000 


0,036,(HIO 

2,100,000 


1,200,000 

2.640.000 
750,000 

2.475.000 


4.791.000 
176,091,000 

66,500,000 

5.060.000 

3.049.000 
0,534,000 

3.436.000 

5.831.000 

5.227.000 


1.307.000 

1.980.000 

9.900.000 

3.800.000 
14. "*,200, 000 

29.040.000 

4.224.000 

20.400.000 

1.150.000 
14,000,000 


1,600,000 


1,000,000 


ObtrriedoTer 


618,492,000 
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Tabl.b 3 . — Estimates Iron-Ore in South Sif^lAhum — ccmtd. 


Ore-body. 

Area in square 
feet. 

Thick- 

ness 

In feet. 

Cubic feet 
per 
ton. 

QuanUty in tons. 

Biouglit forward 



■1 

618,402,000 

22. Sast of Jarida Bum 

2,112,000 

30 


4,224,000 

«» debrbi, <»st aid< . 

2.772,000 

5 

30 

462,000 

M ,1 W€Bt side. 

1,848,000 

5 

so 

808,000 

2H. Jtirlda Bum .... 

1.066.000 

20 

15 

1,408,000 

,, delirix .... 

871,200 

6 

80 

145,000 

24. Durbar Jvuni tu norili boundary 

12,11M>,H00 

100 

12 

101.640,000 

2.'t. Jlayn Jiuru ..... 

.>>20,0ii0 

30 

15 

1,040.000 

2d. Jiliug Bum ..... 

1,200,000 

20 

12 

2,000,000 

27. Duar^ulu Buru .... 

038,600 

.30 

12 

1,584,000 

2«. No. lb bniiiidary to Ajltl Buru . 

7,128,000 

100 

12 

59,400,000 

21) Bu(i> cat»t of ore- body No. 2S . 

2,040,000 

20 

15 

3, .520,000 

3b JiriBui Buru, near Baralburu, upper 
ore-bod> . 

3,1)00,000 

40 

12 

13,200,000 

lower ore- bwly . 

0.:W6,000 

50 

l."» 

21,120,000 

Jl. Snaaiuida north ot DCatibahatu ilara . 

17,556,000 

1(H) 

12 

146,300,000 

,, iiouth of Utai/bahatu (taru . 

11,286,000 

100 

10 

112,800,000 

„ cast of iitaiii or<*>bi>dioH 

8.448,000 

40 

12 

28.100,000 

.J2. Tallb.i, uppi r on>l«ui> 

2,112,000 

f»0 

12 

8.^00,000 

:W, ,, lower ore- laid y 

.5.280,0<M» 

50 

12 

22,000,000 

24. 8Upul (Jantdu), debrin 



say 

400,000 

loi\l 

1 


j 


1.047,063,000 

Keonjhar State. 



Table 4. — Estimates of Iron-Ore 

in Keonjhar Stale. 

Ore-ltody. 

Area in square 
feet. 

Thick- 

ness 

In feet. 

Cubic feet 
per 
ton. 

Quantity In tons. 

1. South end of Kutauiati Buru 

6,960,600 

40 

mm 

27,878,000 

2. South end ot Bacliri and Jianirda Bunia 

3,484,800 

40 

Hi 

11,616,000 

8. Included in Hinghbhuni Ku. 7 . 

•• 

- 

H 


Carried over • 

- 

HI 

HI 

89,494,000 
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Tablk of Iron-Ore in Keonjhar State — oontd. 



Brought forward 

4. Thakuranl (a) east ore-body 

„ (b) middle ore-body 

„ (<•) west ridge, sooth oro- 

body. 

„ „ north oro-body . 

„ oouuolidated debris . 

„ debris .... 

n south of middle ore-body . 

Jhargaou (2 areasX^) 

•* {b) , . • 

G. Jhargaon, north-west area 

,, debris, north-west side 

Other debris near Jhargaon 

7. iSIdhamat Parbat (a) northern « 

„ „ (b) southern . 

„ „ (a) imd (6) (iubilM . 

8. Uurga Parbat .... 

„ ,, deliris 

Area north of Durga Parbat 

„ „ „ debrih 

U. Joda West, Hiu-jat Parbat, inootly 
debris (includeo ore- body 21). 

Uu. Blialiathori Pahar, debris 

10. Joda Bast (Bara Parbat ridge) . 

„ debris, west side 

„ debris, north, south and east 

sides. 

11. Bansjianl Pahar .... 

East of Joda Bast (boiiudarh'S uncer- 
tain). 

12. Bai Pahnr 

Nortli of Kiirimiid .... 

l.S. JUing Pahar 

„ „ debris .... 

Carried over . 


Area in SQiiare 

Thick- 

Cubic Iset 

feet. 

ness 

pw 

in feet. 

ton. 

13,030,200 

40 

12 

15,681,600 

70 

10 

6,227,200 

40 

10 

13,030,200 

50 

10 

10,464,000 

10 

15 



'*ay 

2,112,000 

40 

10 

1,500,000 

20 

12 

450,000 

jr> 

15 

1.584,000 

30 

15 

1,440,000 

5 

30 

15,000,000 

5 

30 

.. 

50 

12 

•• 

50 

12 


4 

35 


3,000,000 

3,000,000 

l,j00,000 

a40,000 

30.000. 000 

27.878,400 

12 . 000 . 000 

12,072,000 

3,360,000 

264,000 

1,0*40,000 

6.fMM),0<IO 



Quantity in tons. 

30.494.000 

46.464.000 
1 00,77 l,00l» 

20 , 000,000 

60,696,0(Hi 

6,000,0(M) 

6.400.000 

8.448.000 

2.500.000 

450.000 

3.168.000 

240.000 

2.600.000 
12,800,0001. 
12,200,000k 

200.000k 

O,iKH(,00O( 

300,00m 

i,I2.'V,0(K0 

54,0001 

3.750.000 

4,646.0W 

120 , 000,000 

2.112.000 
6,500,000 

50,400,000 

264,000 

i.500.(HM) 

10,0mMK¥» 

7.7<H),(M)4>k 

700,000k 

560,260,000 
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Tablk 4 . — Estimates af Iron-Ore in Keonjhar Slate — contd. 


Ore-body. 

Area in square 
feet. 

Thlck- 
ueaa 
in feet. 

Cubic feet 
per 
ton. 

Quantity in tons. 

Brought forward 

. . 

|B 

. . 

560,260,000 

14. Laogalota Pahar .... 

a.oou.uoo 


10 

9,000,000 

,, debrb . 

0.000,000 


40 

600,000 

18. Wart of Kurband «... 

1 1,700,000 


10 

28,400,0001 

,, debriM . 

40.000,000 

5 

40 

8,000,0001 

North-oaBt of Satkotnia Pahar 

4,000,«MI0 

80 

10 

20,0(M),000 

10. Oualh 





(a) Bouth of Burpoda 

2.040,000 

20 

12 

4,1(MI,000 

,, debris .... 

10.484.400 

8 

30 

1,712.000 

Ih) Hiliit between Guali and Godaiiu- 
dini. 

12.030.2(M) 

.> 

30 

2,323.000 

(e) Boundary between BuriMKla and 
Kalmang. 

I .OftO.OOO 

30 

12 

4.080,000 

17. 1} miles nmth-eaat of Bhadratiai (2 
areas) (a). 

I.:»S4.(M)0 

10 

30 

828.000 

.. w 

i.riMt.tMX) 

10 

30 

528.000 

DebrlK b<‘t\veen BtiadrsHat end kaikorn 

2 .o«ai.ooo 


30 

fWHl,0(M) 

18. Kala Par but, east of BhadraHni 


20 

20 

2,000.000 

10. lietav<'U Uaikora and Horita (<i). 

240.000 

24 

12 

480,000 

{10 

204, IHM) 

40 

12 

780,000 

ifO. Biuhaiiiat Partiat , moiiil> debib 

1 .OeO,(MH) 

10 

40 

270,000 

21. iucludfd In No. U . 





22. West of Baiisjiani .... 

I.MtHl.lHMI 

20 

■■ 

3.0(»0,tKK< 

^ortb of Jololiuri .... 

3.0tH).000 

20 


0,000 0(M» 

Nortb-weat of Jukibnrl 

.3,tHH),iH)0 

20 

^19 

6,000, OOi* 

22. Between KuriMnd and Joruri, south 
area 

000,000 

20 

10 

1,200,000 

,, north area, iiiaiiily debris 

0,U(MI,«NN) 


80 

600.000 

„ ijiiddlt' area, iiminly debris , 

O.tNNi.tNN) 

Hi 

40 

600.000 

SoQtli of KurLwud .... 

O.HOO.OtN) 


10 

9,450,000 

„ dtd>rls 

12.<MNt.(Nm 

8 

30 

2,000.000 

24. North-west ol Salkutnin Pahar 

1 .2O0,tHH) 

20 


1 .ttoo.ooo 

28. Tiring Paluir 

l.'iO.OtHI 

20 

HI 

tsMI.OOO 

20. Ktindritiiaii) and t'hiir .Mabbi (4 areas) 

.. 


■i 

iMH),OOOK 

M 1 * >> debris . 

•• 

■ 

40 

lOO.OOOiv 

Carried over , 

•• 

■ 


068,971«000 
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Table 4. — Estimate$ of IronrOre t« Keonjhar State — ooutd. 


Ore-body. 

Area In square 
feet. 

Thick- 
ness 
in feet. 

Cubic feet 
per 
ton. 

Quantity In toiih. 

Brought forward 



.. 

668,071,000 

27. OnaU— 





(a) HIH east of Goali 

2,876,000 

r> 

30 

396,000 

ib) Hill west of Laidapoda 

6,960,600 

5 

30 

1,162,000 

ic) West of Gusli 

7,020.000 

5 

30 

1,320,000 

(d) North of Guall 

8,960,000 

r> 

30 

060,000 

(e) North of Kendudi 

6,336,000 

b 

30 

1,056,000 

(/) Bills between Gusli and Bur- 
pods. 

6,960,600 

5 

80 

1.162,000 

28. Satkutnla Pshar .... 

4,000,000 

50 

JO 

20,000,000 

29. Between Gurds and Gonna 

1,000,000 

10 

10 

1, OIK), 000 

•> »i »♦ debris 



say 

1,000,000 

80. North-west of Joribar 

390,000 

20 

12 

650,000 

„ debris , ^ 

810,000 

4 

40 

HI ,000 

West of Jorlbar .... 

270,000 

20 

12 

450,000 

81. Sooth-orest of Joribar 

270,000 

20 

12 

450,000 

32. North of JTorlbar .... 

600,000 

20 

10 

1,2(K),000 

33. South-east of Joribar (2 areas) (o) 

720,000 

39 

12 

1,800,000 

» {b) 

90,000 

20 

10 

180,000 

„ debris 

4,500,000 

5 

50 

450,000 

84. Paisa, north area .... 

1,200,000 

20 

12 

2,000,000 

35. South-east of Paisa 

860,000 

20 

12 

600,000 

„ debris 

3,600,000 

5 

50 

360,000 

30. Southeast of Kuolpos, north area 

270,000 

10 

16 

180,000 

», south area 

40,000 

10 

20 

20,000 

t« debris 



say 

50,000 

Boradha East, north area 

270,000 

15 

12 

838,000 

» south area 

270,000 

15 

12 

338,000 

„ debris .... 



say 

120,000t 

37. Maha Parbat 

860,000 

50 

15 

1,200,0001 

t$ n debris 



suy 

50,000t 

46. Btmt of Mltlhurda .... 

15,840,000 

40 

12 

52,800,000 

46. Sonth-oiot of mtlhurda (2 areas) (a) 

5,280,000 

40 

12 

17,600,000 

„ M (6) . 

6,280,000 

40 

12 

17,600,000 

Oaixledover . 

•• 

•• 

•• 

796,244,000 
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Table 4. —Eslimatea of Iron-ore in Keonjhar State — concld. 


Ore-body. 

Area In aquaro 
feet. 

Thiok- 
neas 
in feet. 

Guide feet 
per 
ton. 

Quantity in tons. 

Brought forward 



. . 

706,244,000 

47, Dfring Bum, ea^t of Kadolia 

2,040,0(K) 

40 

12 

6,800,000 

South of Jiiiiiig Bum 

1,000,000 

50 

10 

5,000.000 

40. Kanga I’arbat .... 

2,400,000 

50 

12 

10,000,000 

oO. Between Churiaal and Lola boga 


50 

15 

2,786,000k 

„ ,, ,, debrif 


5 

40 

279,000k 

51. South nf Mitihurdii .... 

4,000,000 

40 

12 

18,833.000 

52. Inrhided witli N'o. 29 . . . 

•• 


• • 

. . 

r»2. Maiikariuieha Veak .... 

.S. 000,000 

40 

12 

18,200,000 

54. \Vet*t of Kaxijfala { #) 

.•100.000 

20 

10 

720,000 

(h) 

l.niMI.OOO 

10 

20 

2.000,000 

55. Ganda Mard.iii no'th-^eet area 

2,2.50,000 

20 

10 

4.500, OtMd 

,, ., tojMitiidue 

2,(MKMMiO 

15 

15 

2,000,000t 

.. d««l.rl< 

20 000.000 

5 

50 

2,(M»0.(K)0t 

.5(1. Njrth-weHt «»t Har idl 

1 50, (MK) 

20 

H) 

200.000 

Hetnif.j I'lilmni j:iid UilKundi (o) 

21 M) 0(10 

20 

16 

207.000 

. 

200.000 

20 

i:> 

207,000 

l)<bri l*cl\uM ?i T’l'liuni and Barabti . 

1 3,200,000 

5 

50 

1,320,000 

:i7. SuR!inuda( Keonjhar sidf) 

1 ft,«-12.000 

50 

12 

00,800.000 

„ (u) middle area 

i.i 000 

30 

12 

2,890,000 

(^> low'er or I'aniH^sti l>od\ 

l2.sW.4oO 

50 

12 

58,460,000 

Total 

1 

•• 

•• 

987,5(18.000 


K l»> 1)1. KriKliimit. 

t by rai»l. T<*yi lionii^* . 

Or»"-lM>(lii ► -j*. 40 , 41 , 4 ;J ;iiul ir» Hre on tlio JionRi‘K«‘onjhiu boun 0 ni> , Inil nuifit of the- ore !>. 

In Kwrijlmr SIhIc. 


Tablk r*.— />»*. K ({•^hnaua t sfimohn of Irofi-Ore in Keonjhar Stair, 


I.orallty ot tlepoHp . 

Area in 
hundrrdth^ nf 
a aquare mile. 




1. .Voatiutndi main .... 

(H) 

100 

10 

107,270,000 

,, float .... 

8 

r> 

:ir> 

319,000 

2. Murgabern l>ouiidnry (2 arcaa) . 

19 

60 

10 

31,781,000 

Carrl(*d over . ! 

•• 


•• 

100,870,000 

















296 CECIL JOSES : IBOS-ORB DBPOBFra OF BIHAB AND ORISSA. 


Table 5. — Dr. Kriahnan's estimates of Iron-ore tn Keonfhar Slate 

— oontd. 


Boeality of deposit. 

Area in 
hundredths of 

A square mile. 

Thifk- 

iiess 

In feet. 

Cubic feet 
per 
ton. 

Quantity In tons. 

Brought forward 


. , 



100,870.000 

3. lliakiirMii Tillage . 



20 


256,000 

4. Thaknranl Pahar (a) western ridge 


00 

112*5 


188,170,000 

„ „ „ float 


20 

8 


1,487,000 

H (6) middle ridge 


48 

02 5 


88.085,000 

„ (c) eastern ridge 

• 

.30 

55 


4.>, 090,000 

(9) and (O float 

. 

8 

0 

85 

882,000 

5. Bete^n Burpoda and Jhargaon(8 
smaller areas). 

5 

26 

12 

2, 004.01 Ml 

A. Between Barpoda and Jhargaoii 
larger areas). 

(2 

20 

37-5 

12 

17,424,00(» 

7. Stdbamat Parhat (a) northern 2 areas 

11 

Cpi' 

12 

12.778,000 

>1 »* (fr) western 2 areas 

10 

50 

12 

11,816,000 

,, ,, (a) and (k) float 


5 

4 

85 

150,000 

8« DingaParbat • • • 


14 

50 

12 

10,262,000 

ff 0 f float • 


20 

0 

40 

836,000 

9. Snrjat Parbat 


14 

50 

12 

10.262,000 

It n float . . • 


8 

5 

40 

270,000 

Bhattattkorl Pahar : float . 


22 

6 

40 

020,000 

10. Bara Parbat .... 


48 

1*25 

10 

140,846,000 

fi tf float ... 


18W-f.30E 

0 


3,506,000 

11. Banspani Pahar 


1 04 

125 

iO 

*223,027,000 

Si ts float • 


25 

0 

80 

1,804AK)U 

12. Dal Pahar .... 

• 

25 

60 

12 

84,848.000 

M float 


10 

5 

85 

398,000 

18. JUing Pahar .... 

9 

11 

80 

12 

7,687,000 

St If float ... 

• 

2 

5 


70,000 

li. Langalota Pahar 


11 

82*5 


19,188,000 

»> », float 


8 

8 

80 

885.000 

IS. Knrband and flatkutnla (4 areas) 


65 

76 

12 

118,258,000 

$1 it »» float 


10 

5 

30 

485,000 

18. Beadalpoda .... 


lA 

15 

15 

5,018,000 

,, float 

e 

7 

5 

40 

244,000 

17. Bhadraeai (nsflnganifftoiii ?) 

« 

10 

20 


8,717.000 

Garriedorer 

» 

•* 

Hlil 


1,101.708.000 
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Table 5. — Dr. Krishnan'^ estimates of Iron-o^e h) Kenvjhat’ State 

~ cantd. 


Locality of . 

Area iu 
huodredtha of 
a square mile. 

Thick. I 

fiaub 1 

Id feet 1 

1 

Cubie lect 

IMT 

ton 

t 

<)uaii(jt> in h»ii> 

UrouKht forvani 


i 


1 101,795,000 

18. Kaia Parbat 

s 

’0 1 

r. 

',974,000 

18. Raitora . • . . . 

(• 

Ja 1 

I'j 

‘1.486,000 

,, float .... 

2 ‘.‘) 

•' 1 

.r. 

100,000 

20. Hidhamat Parbat ) 

10 

20 i 

1 

12 

4,816,000 

21. ICainarJorA . ... 

2 

•i.'i 1 

14 

096,000 

„ float 

ri 

• 1 

1' 

156,000 

22 Bot;wecii Jolohurl and n.inHpunl(4 arena) 


Ul 

12 

20,484.000 

„ float ' . . . 

12 

» 

40 

118,000 

22 RetWean KurbaQil and J<»niri <4 aicaa) 

) V 

**.’> 

12 

10 4,54,0Otl 

24 Satkuinla ifoat hrain h 

7 ' 

‘17 

ir, 

.'.,227 OfK 

2f» Tiring Pahar 

3 

1.' 

12 

1,045,000 

2 fl. BTtmdniimtil and CImr Valdn 

4 

i2*:» 

l.*i 

029,000 

.• M float 

i 

*> 

to 

106,000 

27. Around (Juali .... 

ir> 

l “5 

ir> 

.3 486 000 

,, float .... 

0 

r> 

40 

314.000 

28. Satbutnin Pahar (Ponal) . 

r, 

r''. 

12 

«.712,000 

20 8onth of Hatkntnt.i on Poujd W»r«l<*r . 



ir. 

K.1C,000 

, float 

1 

■> ’ 

Kl 

223,000 

3o W«t of Jorlbar (2 arnip hi <«b«Ic) 

IJ 

12 

2 :. 

1 073,000 

31 Soutli-weat of Joribar 

1 

r. 

12 

1,. 194 , 000 

float .... 

*1 

:* 

Ul 

139,000 

82. XortU of Jorfbar 


12T* 

l.'l 

813,000 

.t II float ... 


5 

.30 

232 000 

38. South-east of Jorlbar (2 areas) . 

Ta 

20 

12 

3,485,000 

M II flt>at 

4 

0 

H5 

191,000 

3 i. Palaa 

o 

ir» 

12 

097,000 

.. float ... 

4 

5 

. 30 

186 000 

85. Bamebari 

4 

30 

10 

3..345,000 

II float .... 

4 

!> 

.30 

188,000 

Konnpnt : float .... 

2 

5 

40 

70.000 

38. One mile eaat of Pahw 

11 

.'^0 

12 

12,778,000 

ti II float ... 

5 

6 

30 

279,000 

Oarriod over . 

•• 



1,257,861,000 
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Tablk 5. — Dr. Krishnan’s estimates of IrothOie in Keonjhar Stale 

— concld. 


Lot ality of deposit. 


Area in 
hundredths of 
a square mile. 

Thick' 
ness 
in feet. 

Cnbh* feet 
ptr 
ton. 

(Quantity In ton'*, 

Brought forward 



, , 

, , 

1,257,851,000 

East and louth of Konupiis . float 

• 

12*6 

0 

;io 

697,000 

Biirda(2area8} float 


12 

5 

40 

418,000 

87. Haha Parbat .... 


4 

40 

15 

2,974,000 

f, „ float 


4 

6 


139,000 

88. Uodabudini (m shale) 


4 

25 

25 

1,115,000 

West of Bardi : float 


b 

5 

40 

209,000 

89. North of Kliajiirdl Pahar (2 areas) 



25 

15 

1,162,000 

40. Badatpgarh Pahur . 


10 

75 

12 

27 878, (»00 

41. Between Badaugarh Pahar and Balia 

8*5 

40 

12 

7,899,000 

Pahar (2 area**) 

42. Balia Pahar .... 


24 

IfK) 

12 

55 757.000 

43. Between Balia Pahar and Malangatoli 

4 

50 

1.* 

4,640,000 

44* North of Mitlhnrda (3 areas) 


13 

5b 

12 

15,10 1,(»00 

float , 


0 

♦> 

t5 

287,000 

45. West of Plpolrl 


27 

75 

* 1- 

*7,0 45,000 

46. South of Pipokrl (2 areas) . 


12 5 

50 

12 

li,52(»,(HKl 

47. Dlrtng Burn .... 


i 0 

.50 

15 

5,570,000 

48. South of Hiring Bum (2 areas) . 


10-6 

40 

12 

9,757,000 

49. BangaParbat 


0 

75 

12 

10,451,000 

50. Churisai and Loiaboga 


fl 

25 

15 

2,788.000 

M >1 M float 


8 

5 

40 

279,000 

51. South of Kttlhurda . 


11 

50 

12 

12,778,(XH) 

52. Qurda 


4*6 

87 5 

12 

3,920,000 

TOIAL 

• 

•• 

•• 

- 

1,483,250,000 


Bonai State. 

Table 6.- Estimates of Iron-Oie in Bonai Stale. 


Ore-body. 

Area in square 
feet. 

Tbit k- 
nesH 
in feet. 

Cubit feet 

IM'l 

ton 

Quantity in tons. 

1. Slngbbhum'S’eonjhar boundary to 
Sama) nadi gorge. 

9,504,000 

KKI 

12 

79,200,000 

2. SaaaJ nadt gorge to B. H. Q. break 
(about three tnifee). 

9,504,000 

100 

12 

79,200,000 

Oairiedovflr 

•• 

•• 

•• 

158,400,000 
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Table iu — Estimates of Iron-Otc in Bofiai Slate — contd. 


(»rr-l>o<ly. 

Area In acpiaro 
Icci. 

Thick- 
ness 
fn loci. 

Cubic feet 
per 
ton. 

Quantity in touj. 

ISrouj^ht 




158,400,000 

3. B. U. Q. break to path uoith of 
SumlAibar Pnhar. 

t>,»3r.,ooo 

100 

12 

52,800,000 

4. ii^nmlaibar Pabar niileH, 

3,168,000 

100 

12 

26,400,000 

5. rt!« hikhanl Pahar .... 

1,5d4,0(K) 

50 

12 

6,600,000 

C. Landrahar Pabai (/i) 

0,504.000 

100 

12 

70,200,000 

» ib) . , . 

1.0.56,000 

200 

M) 

21,186,000 

7. Katkdadhar Pahar, north of ftontlia . 

702,000 

30 

12 

1.080,000 

8. CheUatoka Palrar .... 

2,112.000 

50 

12 

8,800,000 

Heftreon Cbellatokn Pa bar and KumrI- 
tar Pabar. 

1,056.000 

20 

12 

1,760,000 

Botween C'heiiotola Pa bar and Kumrb 
tar Pahar, 

24.000,WI0 


30 

4,000,000 

9. Kumritar Pahar .... 

5 280,000 


■1 

22,000,000 

Korth of Kumrltar Pahar. 

3.060,000 



16,600,000 

Noitb<neat of Kumritar Pahar « 

2 376,000 


■1 

7,020,000 

Dijbrla, north of Kumritar Palmr 

66.000.000 

5 

I 30 

11,000,000 

10, Saraikeia-Pontba path to Kabua-l.usi 
pnth- 

8.448,000 

40 

12 

28,160,000 

11. ltuiaua*htiKi path to Jhiiltka-Pinakcra 
jiatlL 

0,088,000 

40 

■1 

30,203,0<H) 

12. South of Malantttoli 

7.**20.000 

.50 


33, 000,01 HI 

13. rnftar|»ora Pahar, vfht of Kalkcla 

2,640,IH>0 

.'»0 

■1 

ll,000,tM:t* 

14. Korth of Bengal hei a, mainly dcbila . 

6,316,000 

5 


1 .053,(.d0 

South of Bengal hera, ntainJy debris . 

1,500,000 

10 

30 

500,000 

h^aat of Hengarbera, maiuiy dcttrJs 

1,500,000 

10 

30 

500,0 Hi 

Solid in aboxs patches 



say 

8<H‘,000 

15. North-west of Ka.«ira 

1,056,000 

20 

^■9 

1,760,000 

„ „ debiis 

12,000,000 { 

5 


2,000,000 

16. South>««st of Kasira 

2,112,000 1 

20 


3,520, Of *0 

17. West of Koira, nuinly dcltris 

1.5,840,000 1 

5 


2.640,0f<0 

IS. South of Kalman? .... 

1,500,000 

36 


4,,VKhCf <’ 

,, „ debris. 

1 


fay 

i,tM)0.''00 

10. Kast of Hankamacba Peak 

7,200,000 

50 

12 

30,000.000 

20. West of IWidamgarh Pahar 

2,112,000 

40 

12 

7,0J0,0<>0 

Carried over 

•• 

•• 

• • 

576^46,001) 
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Tablk 6. — Estimates of Iron-Ore in Bonai State — oonold. 


Ore-body. 

Area tn square 
feet. 

Thick- 
ness 
in feet. 

Cubic feet 
per 
ton. 

Quantity in tons. 

Brought forward 



.. 

576,246,000 

3a. South of OodAbudinI 

I,0d0»000 

20 

12 

8,300,000 

South-west of Bardli debris 

3,600,000 

6 

SO 

600,000 

80. Korth-west of Kojordii debris . 

6,000,000 

5 

so 

1,000.000 

40. Badamgarh Pahar .... 

6,280,000 

60 

12 

22,000,000 

41. Bonai-Keonjhar boundary ridge (bet- 
ween Badamgarh Pahar and Balia 
Pahar. 

S,16i»,000 

SO 

1 

12 

7,020,000 

42. Balia Pahar 

4,762,000 

40 

12 

16,840,000 

48. Between Balia Pahar and MalangtoU . 

2,400,000 

40 

12 

8,000.000 

44. Korth of Mltlhurda .... 

3,060,000 

40 

12 

18,200,000 

Total 

•• 

.. 


648,106,000 













CHAPTER IV. 


DESCRIPTION OF THE ORE-BODIES. 

The numerous ore-bodies that occur in the area under report are 
briefly described in the following pages, and the descriptions have 
been kept as far as possible in the order in which they occur in the 
tables of estimates of ore on pages 250 to 26(^ 

Singhbhum District. 

The Noamundi ore-bodies all occur in a number of low-lying hills 
close to the village of Noamundi (22® 09' : 85° 28'), and for purposes 
„ ^ of estimation they have been put into nine 

groups, which have been taken up by the 
Tata Iron and Steel Co., Ltd. Four of the ore-bodies continue 
over the boundary into the Keonjhar State. The following are the 
nine groups, and they are generally named after a prominent hill 
in which the ore occurs : — 

1. Kotamati Burn. 

2. Pachri Bum. 

3. Bond Bum. 

4. Lagirda Bum. 

5. Bai Bum. 

The first six of these ore-bodies occur in four main ridges which 
run roughly north and south from the Singbhum-Keonjhar 
boundary, south-east of Noaimmdi. It appears that the rocks 
forming these four ridges are separated from each other by three 
main faults running along the valleys which separate tne ridges. 
The rocks forming the ridges arc generally banded hematit^-quart 2 dto 
and shale, and the hematite ore-bodies, which may be a replacement 
of either of these locks. The rocks have a general di]) to the west 
or north-west, but the area is much broken up by faults, and local 
folding is common. During the prospecting and quairyiug work 
c.arried out by the Tata Iron and Steel Co., Ltd., at their Noamundi 
mine area, a' number of smaller faults have been revealed, and it is 
probable that when the other ridges are opened up, similar suspected 
faults will be rovoaled. 


G. Hatu Guta. 

7. Chariapat Bum. 

8. Maha Buru. 

9. Hill 1,750 feet (Baljori). 


( 2«1 ) 
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When I fn>t examined the area in Feljniary, 1920, the hills were 
iX)V(re(l with lieavy forest, soil and debris, and practically no pros- 
pecting woik had been carried out. The Kotamati Bum and the 
Pachri Bum ridges were, soon recognised as the largest and richest 
of the Noamnndi ore-bodies. 

The deposits are fairly low-ljmig, and conditions are favourable 
for easy working. A siding of the Bengal-Nagpur railway takes ofl 
from Noamundi railway station, and mns near Sangramsai round the 
north foot of the Kotamati ridge, and then runs practically along 
the west boundary of the ore in this ridge. 

i. KoUiniati Burv. 

The ore-bodies in the Kotamati Bum and the Pachri Bum ridges 
have been partially opened up by the Tata Iron and Steel Co., Ltd., 
and constitute what is known as the Noamundi mine. The occur- 
rence of the ore, and the prospecting work that lias been carried 
out by the company in these two ridges has been thoroughly des- 
oribed by Dr. PercivaP in liis ])apor ‘ The Iron Ores of Noamundi’ . 

The Kotamati ridge, which extends for about 2| miles north of 
the Singhbhum-Koonjhar boundary, is divided into a number of peaks, 
in each of which good ore occurs ; but the northern end of the ridge 
for about three-quarters of a mile is much lateritised, and of much 
poorer quality lhan ihe ore towards the south end, and in the ad- 
joining Pachri Bum, where the ore is massive or massive laminated 
hematite of a steel-grey colour. The ore is broken up into several 
patches owing to faulting, but to the east the boundaries of the ore 
are fairly well defined, as it forms a fairly steep scarp, below which 
are shales, often ferruginous in character near the ore. The beds 
dip generally towards the west, and down the dip slope the 
boundary of the ore is not so well defined, owing to the slope being 
largely covered with soil, consolidated ore, laterito and debris. The 
Kotamati Bum ore-body continues into the Keonjhar State, and 
near the Singhbhum-Keonjhar boundary down the eastern slopes of 
the hill the ore can be traced for over one hundred feet before bemg 
covered wdth soil and debris, and on the western slopes ore 
can be seen almost down to the point where the Ginguda Lor crosses 
Ihe boundary. The average of nineteen samples collected from the 

' TVaiw. Mirt^ Oeci* Inei^ XX VT, (1931). 
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whole of the Kotamati Buru lidge, and assayed by the Tata lion 
and Steel Co., Ltd., showed : — 

Per cent. 


Iron (53*33 

ManganeBe • trace 

Sulphur 0*030 

PliosplioruB • 0*083 

Insoluble rosiduc 2*14 


Titaniiim was dciej mined in two samples and gave 0*25 and 0*20 
per cent, respectively. 

Close to the Singhbhum-Keonjhar boiuidar}’^ at the south end ol 
Pachri Buru, and also at the south end ol Kotamati Buru, are small 
cliffs of excellent massive steel-grey hematite, samples of which 
have assayed over 69 per cent, of iron. 

2. Pachri Burn, 

The Pae-hri Burn hand ol ore <*xtends from the Singhbhum* 
Keonjhar boiuuUiry lor about li iiiile^ jii i uojtherly direction, and 
also extends for about a mile south ol the bounduiy into Keoii^ha’ 
ytiite. Near the boundaiy the ore-body is about nine hundred feet 
wide, but it widens out considerably to the north near the site ol 
the village of Kurta (22' 0^' : 65^ 3(1'). The ore dips at Iioui 3(» 
to 50^' to th(* W. N. . The ore is ui extremely good ciuality, especially 
towards the south (uid of tlie ridge, wheie it is massive andste^l- 
grey in colour, and often luims small cliffs. (In tin* v.< stt*rn s]oj»es 
are considerable ijuanlities of consolidated oie, 'uhieb, in lli<‘ bear 
eaves west ol Kuita, is seen to overlie rich hematite. This lonsnii- 
dated ore consists of large rounded and angular lumps ol steel-grey 
hematite cemented together by feiTugiuous material, and constitutes 
a valuable iroii-ore. ISimilar consolidated ore is also abundant in the 
upper reaches of the Ginguda Lor. between Kotamati and Pachri 
Burus^ where in places it is over tliirty feet thick ; some of the 
fiagments are as much as eighteen inches across, Thi‘ average of 
assays of eiglit samples collected and assayed by the Tata Iron 
and Steel Co., Ltd., is- - 


Iron • • 







pH cent. 

t»3 04 

AlaiiganeiK* • 

• 


. 

• 



. trai c‘ 

(Sulphur . 

• 


• 

• 



0*024 

PboBpboruB . • 

• 


• 

• 



. 0*072 

InBolublo rosiduB 



• 

• 



. 2*49 
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Four of thfi above samples wore tested for titanium, but only 
showed a traoe. 

o. Bond Bum. 

At the north end of the Pachri Burn ridge are two small rises 
which contain iron-ore bodies. As is the case with the ore at the 
north end of the Kotamati ridge, the ore in these two rises is very 
lateritised, and of much i)oorer quality than the ore to the south 
in the Pachri Burn ridge. The ore is generally of the porous lami- 
nated type of good quality, having a somewhat shaly appearance, and 
is much lateritised in both hills ; but the ore in the south rise is more 
massive and of better quality than that in the north. The dip of 
the rocks, is generall)' westerly. There is some consolidated ore at 
the south end of the rises. The average analysis of tliree samples 
collected and assayed by the Tata Iron and Steel Co., Ltd., gave — 


Iron 







l*er <-ent. 

. (i4-in 

Manganese • « 


• 





. trace 

Sulphur • « , 


• 



• 


0-022 

Phosphorus 



• 


s 


0-0S2 

Titanium • « 



• 


• 


• trace 

Insoluble residue 


« 

• 




. a-os 


4. Lagirda Burn. 

5. Bai Burn. 

6. Hatu Gvtu. 

These three ore-bodies occur on the ridge to the west of the Pachri 
Bum ridge. Hatu Gutu is at the north end of the ridge, and is 
situated just to the south of the village of Noamundi, and is separated 
from the other two bodies by the valley of the Salkia Lor, Lagirda 
Bum is on the boundary, and most of the ore-body occurs on the 
Keonjhar side. 

Hatu Gutu is largely covered with soil, hematite and laterite 
debris, but on all the slopes banded hematite-quartzite is seen in 
situ. Hematite of the porous laminated type is seen in places near 
the top of the hill, and also down the southern slopes. Like the 
northern part of the Kotamati and Pachri Bum ridges, this ore- 
body at the northern part of the ridge, seems of inferior grade to 
the ore ooouinng in Bai Bum and Lagirda Bum on the same ridge 
farther soutlu 
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Bai Buru is situHiecl about llircc-quartHTs of a milo souilx of 
Hatu Gutu. 'Fho lowc^r slopes of the hill arc bauded hematite- 
quartzito dipping about 40° to the north-west, but the slopes are 
largely covered with good hematite debris. At the top of the hill is 
extremely good steel-grey hematite in situ, and in the low ground 
south of the hill is some consolidated hematite debris. 

There is a small exposure of shaly-looking porous hematite in the 
Salkia Lor, about half a mile north-west of Bai Bum. Its extent is 
dou})tfnl, as the surrounding ground is covered. 

The nortliern slopes of Lagirda Burn, which is just south-w’est 
of Bai Buru, are of porous laminated shaly-looking hematite, much 
latcritised and (jovered with soil and debris. It extends across the 
boundary int<^ Keonjhar »Stat<‘. The average analysis of samples 
collected and assayed ))y the Tata Iron and Steel Co., Lt<l.. gave : — 



Hatu (Jutii. 

2 Bam])les. 




Per cent. 

Per cent. 

Per cent. 

Iron 

04-80 

(J4-92 


Manga now .... 

trace 

trace 

trace 

Sulphur « . 

0022 

00,*10 

0033 

PhoBphoruH 

0000 

0 080 

0081 

Titanium .... 

trace 

trace 

trace 

Insoluble residue 

1-08 

1 2-69 

2-38 


7. Charipat Buru, 

Charipat Buru is situated just over a mile south-west of 
Noamtmdi village. The ore in this hill is generally of the porous 
shaly-looking type, and is often very latcritised, but at the top of 
the hill some good solid laminated ore occurs, and extends over the 
boundary into Keonjhar State. Banded hematite-quartzite dipping 
about 20° to the west is seen on both the east and west lower slopes, 
and towards the south near the top of the hill, the ore seems to pass 
laterally into the quartzite. The hill is largely covered with soil, 
laterite and debris, and in places it has a hollow sounding ting when 
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walked on. An average analysis of six samples collected and assayed 
by the Tata Iron and Steel Co., Ltd., showed : — 


Per cent. 


Iron 63-85 

Manganese trace 

Sulphur ... 0-024 

Phosphorus 0*088 

Insoluble residue 2-56 


8, Maha Buru, 

Just to the west of Noamuudi arc two small hills known as Maha 
Bum, which contain iron-ore. The ore which caps these two small 
hills is quite different to most of the ore in the iron-ore area, and was 
referred to by me in 1920 as a coarse sandstone or fine conglomerate, 
and should probably be referred to the breccia type of ore. It 
consists of pebbles which are usually well-rounded, and seldom over 
a quarter of an ine.h in diameter, cemented togetlier by hematite. 
The pebbles arc mainly hematite, but pebbles of quart/, shaly 
material and jasper occur, witli an oe(*aisional pebble of banded 
hematite-quartzite. The amount of ore in these two bodies is not 
large, and it is often lateritised at the siirfa<^e. Th(j ore dot^s not 
appear to be of nearly sueJi good quality as the ore in tlie other 
Noamundi or(5-bodies, but assays show lh(‘ iron content to lx* much 
the same, but the insoluble matter is much higher. Assay of a 
sample collected by me and assayed in the Geologicjal Survey Jiubor- 
atory showed 64 per cent, of iron, whilst a sample coIh*(;ted and assay- 
ed by the Tata Iron and Steel Co., Ltd., gave : — 


Iron 







Per coni, 

63*05 

Manganese 

. 


. 

• 

• 

. 

. trace 

Sulp’iur . 

. 


. 

• 


• 

. 0*028 

PbosjihoruH 




. 

. 

• 

. 0*047 

Insoluble residue 

, 


. 

. 

* 

• 

. 7*70 


9. JHll l.rnO feel {fialjori). 

This ore-body is situated about a mile to the N. N. W. of Noa- 
mundi. 'I’he ore is of the conglomeratic or breccia typo, and aeems 
to be fniriy rich in parts. No prospecting pits have been opened 
up, and as the area ia rather covered, the amount of ore is 
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doubtful, but it does not seem to be very large. A sample colleotcd 
by me from this body, and assayed in the Ocological Survey Labor- 
atory gave 61*4 x^er cent, of iron, whilst a sample collected and assayed 
by the Tata Iron and Steel Co., Ltd., gave;-' 


Per cent. 

Iron ...... r ... G3‘40 

Atfiiiguucso . . . . • ... trace 

Sul)»lnir .......... 0’057 

Phosi>hQruB 0*023 

Insoluble residue 0*00 


10* Notu Bum. 

11. Fansira Bum. 

12. Banalaia Bum. 

Tlio Taiisira range of hills i» about twcuty-five miles in lengtn. 
and in a north-east to south-^vest direction about ten miles 

to the east th(‘ village of Salai (22° 20' : 85° 20'). The ridge rises 
some 1,400 feet above the surrounding plain country, and iontaiiis 
thn^e main bodies of liigh grade iron-ore. which occur along the to]) 
of the ridge, but Pansira Burn is the only one that has been 
oj)eued up. There are other patches of hematite on the ridge, 
but they are small and unimportant. The hills consist mainly of 
handed ht*matite-quartzite with shale on the lower slojies. The 
rocks strike north-east to south-west and generally have a variable 
sti‘<?p dip to the north-west. 

Pansira Buru was the first oi the ort‘-bo(lies to be opened up in 
tlte Biliar and Urissiv iron-ore area, and quarrying was commenced 
by the Bengal Iron and Steel Co., Ltd., now the Bengal Iron Co., 
Ltd., in 1910. There is a body of rich hematite which can be traced 
for about 2,600 feet in length, but it has been largely lateritised at 
the surface. A tunnel put into the western side of the hill went 
througli 82 feet of fairly hard high-grade hematite, and was followed 
by some 120 feet of soft blue jmwdery hematite. A second tunnel 
jmt in at the same level, but fartlier to the south, showed similar 
features. Another tunnel ])ut in at a higher level ahoweil af)out 
the same tluekness of hartl and solt ore, and then went into l>anded 
hematit>e-quttrt*it<». Thin l)and8, varying from half an inch or Iom 
up to nearly three feet, of clayey or sandy material occasionally 
oocurs in the middle of the hematite. These bands are often white 
or vaiy pale-oolouxed, and have the same strike and dip as the 



208 CECIL JONES : IRON-ORE DEPOSITS O# RIHAR AND ORISSA. 

hematiU). Both the rooks and tho oro often show small local folds. 
The average analjrsis of the ore given mo by the Bengal Iron Co , 


Ltd., is : — 

P«r cent. 

Iron (HOU 

Silica 3*00 

Manganese . 0*06 

Pliosphorus ......... 0*(K> 


My estimate for this ore-body made in 1920 was nearly 10,000,000 
tons of ore, of which some 25 to 30 per cent, seems to bo solid ore, 
and the remainder of powdery hematite and laterito. 

Notii Burti (also known as Lotu Bum) is situated about two 
miles to the north-east of the Pansira ore-body, ft is similar in 
appearance to that body, but it has not yet been opened up. ITio 
oro can be traced for about 1,300 feet along the ridge, and for about 
240 feet across. It is generally a good grey hematite, solid in parts, 
but in other parts it is porous and thinly-bedded, which gives it a 
rather shaly appearance. In parte it is lateritised. 

The Banalata ore-body is situated about ten miles along the top 
of the ridge to the south-west of the Pansira body. It has not yet 
been opened up, but it appears to be similar in occurrence and in 
general character to the Pansira ore-body, and can be traced for 
nearly 3,000 feet along the ridge, and for some 260 feet across, but 
the ground is largely covered. Good hematite debris occurs on the 
lower west slopes of the hill. The ore is associated with banded 
hematite-quartzite which dips 70° to the north-west. 

13. Buda Bum. 

14. Bogordui Burn. 

These two ridges occur in the Ankua reserved forest area, and 
are situated to the south of the village of Chiria (22° 18' ; 86° 17'). 
They cover a large area, and are made up of a number of hills covered 
with forest, soil, laterite, etc., and is generally such rough and covered 
coimtry that it is impossible to get more than a very rough idea of 
quantities of ore in these areas, without a systenxatic cutting of 
IbiftB through the forests, making a large number of borings and pits, 
and a survey of the area on a fairly large scale. My estimates of 
about 174,000,000 tons of ore must therefore be considered in the 
nature of a. shrewd guess, after I had geologioally explored the area 
wifli the aid of the four-moh to the mile forest maps, iwi^iring 



DESCRIPTION OP THE ORE-IJODIES. 


269 


occanioiial meaHiimnetitft, and taking adviiulago of infomuitiou to 
be gained from ilie little quarrying and tuniH^lhng that has been 
carried out at the northern end of the mans of hills, liuda Burn, 
the highi^Bt point of the hills, rises some 1,700 feet above the adjoining 
valleys. The area has been taken up by the Bengal Iron Co., Ltd. 

The Buda Burn ridge is fairly flat-topped and is some two miles 
in length. It runs roughly N. N. K. to S. S. W., and has two main 
rises or peaks known as Buda Bum and Balchincligi Bum. To the 
north-east the rnlge falls away but continues for over a mile and 
is known as Jicda liuru. To the S. S. \V. tlie, ridge also 
falls away from Balchindigi Bum for about two mih^s. A small spur 
known as Jopano Buru connects the Buda Burn ajul the Bogordui 
ridges. Another small spur runs out to tlie north-west of Buda Buru, 
and is known as Ajita Buru. This aiul ilie slopes towards Leda 
Bum are the only parts wherti tunnelling and (quarrying operations 
have been carried out. Ajita Buru <‘ontains a small body of good 
iron-ore that is separated from the Buda Biiiu mass by banded 
hematite-quartzite dipping 40° to the north-west. The ore at the 
surface is rather latcritised, but is generally i)orous and rather shaly- 
looking in character, although some of the powdery type is en- 
countered in some ol the quarry faces. 

Two tunnels weio put into the side of this lull, at about the 2000- 
foot level ; the iirst of these went into about 100 feet of good 
hematite, rather shaly and sometimes powdery in character, and was 
stopped. The second, which w'^as put in at right angles to the strike 
of the beds, went into nearly 200 feet of similar ore before the 
tunnel was stopped. About half wray along this second tunnel, 
two bands eight and twelve inches wide and several thinner ones, 
consisting of white and reddish clayey material, were encountered. 
These bands have the same dip as tlio ore w^hich is about 50° in a 
north-westerly direction, but is somew'hat flatter near the entrance 
of the tunnel. It appears that about half of the ore in this tunnel 
i& of the blue powdery type. Some of the bands of the shaly ore 
in these tunnels show marked quantities of octahedral crystals of 
martite. The west side of the rise Buda B\mi is largely covered, 
and although at the top and top w^est slopes much rich solid and 
laminated sholy-looking ore is seen in silu, the ore is often lateritised 
and covered with soil and debris. Good ore can be traced down 
the west slopes to the 2,200-foot contour, below which is banded 
hematite-quartzite dipping to the west, but is much folded and gives 
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rise to waterfalls in the streams. The low ground between the two 
rises Buda Burn and Balchindigi Burn is covered, but rich hematite 
is again seen in the latter rise. On the east side of the ridge, between 
these two hills, at about the 2,600-foot level, is a cli£E of somewhat 
lateritised hematite, which continues to the north round Jopano 
Burn. The top of Jopano Bum is of rich porous steel-grey hematite, 
but the eastern slopes arc very covered. The southern slopes of 
Balchindigi Burn contain quantities of consolidated ore, consisting 
of fragments of good rich hematite cemented together by ferrugin- 
ous material. Large quantities of laterite occur on the ridge, and 
to the south of Balchindigi Bum forms a fairly flat area which is 
rather marked as it contains practically no trees, and the vegetation 
which occurs is a pale-coloured grass. This flat area is also marked 
by the hollow ringing sound which is produced when walked on* 
Leda Burn at the north-easterly end of the ridge Has rich steel-grey 
hematite, but the clifls north of the hill arc of banded hematite- 
quartzite, which is also seen on the eastern slopes. 

The Bogordui Bum ridge is about a mile in length, and is situated 
just to the east of the Buda Buru ridge. Its southern and eastern 
slopes are of rich hematite, and at about the 2,200-foot level on the 
eastern slopes is a marked cliff of rich, rather porous steel-grey 
hematite which is lateritised in places, and runs along the hill for 
about half a mile before being covered by lateritic material. The 
lower eastern slopes of the ridge arc banded hematite-quartzite 
dipping to the north-west, but at the top of the hill is a band of shale, 
tile extent of whicli is hidden by lateritic* material. This lateritic 
material contains large quantities of fragments of solid steel-groy 
hematite. 


15, Maia)fg Pmga. 

This ore-body is situated about two miles north of the village 
of Marang Tonga (22° 14' : 85° 14'), and exposures of rich hematite 
are seen at anil near the top of a ridge running slightly east of north 
and south, for a distance of just over a mile. The lower slopes of 
the ridge are of purple and red femigiiiouH shale, which is overlain 
by banded hematite-quartzite, which is well exposed at the south 
end of the ridge. Good hematite is seen ruuning iu a northerly 
direction from the triaiigulation station at the south end of the ridge» 
for over a mile and a quarter along the top, and also along a 
small spur ivtiieh runs out towards the N. N. W* for about a 
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quarter o{ a milo. The hematite in rarta is lateritised, especially 
towards the nortli, but good solid steel-grey hematite* striking nearly 
north and south and dipping 50 to GO"' to the w***-!, oeeurs near the 
centre and top, and again in a small rise fait her north along the 
ridge. The hematite in jwits is of the pmou> shaly ty])e, and this 
often gets lateritised and covered. Near the centre of the ridge 
where the solid steel-grey ore occurs, the hematitt* beds measure 
about five hundred feet across the strike. 

At the south end of the ridge, the hematite band gets thinner 
and dies out at the south-east edge, and set'ins to gradually pass 
into the banded hematite-quartzite, vhich has the same strike and 
dip as the hematite, but about half way down the southern slopes 
of the ridge is a patch of good hematite, but it seems to be of small 
extent. 

A sample of the ore collected by me from across the strike near 
the centre of the ridge where the solid steel-grey ore occurs, and 
assayed in the Geological Survey Laboratorj’, gave nearly 70 per 
cent, of iron, whilst a second sample collected from the whole of the 
ore-body gave 64*05 per cent, of iron. 

IG. Dirisium Bum, 

17, IlohokUa Bum, 

These two oi e-bodies which are much lateritised, occur just over 
two miles to the south-east of the village of Marang Ponga (22° 14' : 
85° 14'), and occupy tlie tops of two fairly high hills which have 
marked steep scarjw to the south and south-east. 1 have estimated 
these as two separate ore-bodies, although there is evidence of ore 
between the tw’o hills, and this may be connected, but the ground 
between the hills is very covered, and prospecting pits are neceassny 
to prove this connection. The lower slopes of the hills consist of 
alternations of purple and ferruginous shales with banded hematite- 
quartjdtes, striking north-east to south-west and dipping at a fairly 
Ugh angle to the north-west, Clifis of good ore, fifty to nearly one 
hundred feet in height, can be seen on the south and w'est slopes of 
Dirisiiun Burn, and on the south-east and wTst slopes of Hokolata 
Buru, but these are usually rather lateritised. At the top of each 
oi the hills rich solid steel-grey hematite occurs, which in Dirisium 
Buru can be traced for a considerable distance across the strike, 
but both hills slope ofl gradually in a north and north-westerly 
direction, find the ore gradually becomes covered with soil and 
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debris. Considerable quantities of Hematite debris occurs . on the 
north-west and easterly slopes of Dirisium Burn, and also on the 
north-west slopes of Hokolata Bum, and in plaOes this has been 
cemented together by ferruginous material to form a consolidated 
ore. 

The average analysis of six samples collected from these oie- 
bodies, and analysed by the Tata Iron and Steel Co., Ltd., is shown 
on page 238, and mns 62-P6 per cent, of iron. 

18. Jalamjal Buru. 

This is a small ore-body which occurs at the top of a low hill on 
the east side of the Karo river, about thirteen miles west of Jamda 
^22° 10' : 86® 26'). The ore-body runs in a north to south direction 
for nearly half a mile, and it is about 150 to 200 feet wide. The 
ore is a porous rather shaly-looking laminated hematite, ratJier 
lateritised at the surface, and is largely covered with forest and soil, 
so that little information can be obtained without pitting, as to the 
depth to which the ore extends. At the south end of the hill, some 
manganese-ore was noted, and on the western slopes of the hill, 
lateritic manganese-ore occurs, but prospecting pits have failed to 
reveal any rich body of manganese-ore. 

19. Chatua Buru. 

20. Jarida Buru, (south area). 

21. East of Idri Buru. 

22. East of Jarida Buru. 

23. Jarida Buru. 

These ore-bodies occur in the hills that lie between Pechahatu 
(22® 16' ; 85® 22') and Lipunga (22® 16' : 85® 26'), and with the 
exception of the Chatua Bum ore-body occur on a northern extension 
of the Gua range. The Chatua Bum ore-body lies about three 
miles to the east of the main range. This section of the main range, 
for convenience of estimation has been divided into four sections, 
although ore is almost continuous along its length of about three 
miles. The bodies seem to be more indefinite than must of the ore- 
bodies in Binghbhum, as replacement of the original banded hematite- 
quartzite seems to l)e more imperfect, and rich ores often seem to 
pass laterally into the quartzite, and after a short distance, back 
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again into ore. Patches of the barren unaltered quartme are found 
frequently in the ore-bodies. The bodies occur in very rough rugged 
country, covered with heavy forest, the hills being very steep in parts, 
and the rock and ore often being covered with a thick layer of soil 
and debris. Most of the ore occurs on or near the tops of the hills, 
which rise some 1,000 to 1,300 feet above the plains. No prospecting 
pits have been put down, and no quarrying has been done, but the 
ore seen is usually of fair quality, although little of the massive 
steel-grey tyi>e is seen, the ore being generally of the laminated type, 
at times porous and shaly in character, and much of the ore is lateri- 
tised at the surface. The slopes of the hills contain large quantities 
of hematite debris, and this is especially noticeable on the western 
slopes. A sample of ore collected by me from the ore-bodies on the 
main range, and anal)rsed in the Geological Survey Laboratory, gave 
04 per cent, of iron, and this is much the same as the Tata Iron and 
Steel Co., Ltd., obtained as the average analysis shown and refeiTed 
to on page 238^ of eighteen samples collected and amilys<‘d by them. 

The Ohatua liuru ore-bcnly occurs at the northern end of the 
ChatuH Bum ridge, which runs in a north-east to soutli-west 
diiwlion, and the ore is exposed on the top north-western slopes of 
the hill. The hill is heavdly covered with forest and soil, and com- 
paratively little ore can be seen in situ. The ore is porous, laminated, 
and rather shaly in character, and is usually much lateritised. Rich 
hematite debris occurs down the western slopes of the ixill. No 
prospecting pits have been opened up on this ore-body. Analysis 
of a sample of the ore collected by mo, and analysed in the Geological 
Survey Laboratory, gave 64*42 per cent, of iron. 

Jarida Burn (south area) ore-body occurs on a continuation to the 
north-east of the Gua main iron-ore range, and this rise forms part of 
what is locally known as Raja Bum. The ore-body extends for a 
distance of about 2,600 feet from the forest line which marks the 
northern boundary of the urea taken up by the Indian Iron and 
Steel Co., Ltd., and stretches in a north-easterly diroction t^w'ards 
Jarida Buru, The ore seems to pass laterally into banded hematite- 
quartzite along the strike in the direction of Jarida Bum, although, 
owing to the covered nature of the ground, the actual ])aHi>Hti:e of one 
to the other is not s«^en, and after a shoii distance the qiiurtzite 
again passes into ore. A small patch of ore oc(‘urs between tlii.s 
body and the Jarida ore-body to the north, and may be conuiH5ted 
to the Jarida body, but the ground is too covered to detennine this. 
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The ore is laminated, rather porous, and shaly in appearanoc, and is 
often lateritised at the surface. 

The ore-body east of Idri Bum ocoura in a small rise which is 
known locally as Richi Burn, and the ore can bo traced for about 
half a mile along the ridge, and is soparab'd from om-body No. 22 
by a small stretch of banded hematite-quartzite. The ore is of fail- 
quality, but towards the north end of the body, it gets more porous 
and lateritised. The oi-e in this body does not seem to be of such 
good quality as that in the ore-bodies farther to the south. 

The ore-body east of Jarida Burn occurs on the top of the ridge 
known locally as Landrup Burn. It is largely covered with soil and 
debris, but rich hematite often lateritised is occasionally seen. 
Some irregular patches of banded hematite-quartzite occur in the 
ore-body, and it seems that replacement in this ridge has been very 
irregular, so that estimates made of quantities of ore in this body 
are not very reliable. On the lower western slopes of the ridge is a 
cliff, about 100 feet high, of hematite of good quality, separated from 
the main ore-body by banded hematite-quartzite. 

Good hematite is seen in situ at the top of Jarida Bum, but its 
eiftent is somewhat doubtful, as the ground is very covered. The 
northern slopes of the ridge are banded hematite-quartzite, but 
some conglomerate occurs on the lower eastern slopes, and towards 
the south end of the hill the rocks are very folded. The western 
slopes are largely covered with soil, amongst which is considerable 
quantities of rich hematite debris. At the north end of the ridge is a 
small body of rich hematite which is separated from the main body 
by banded hematite-quartzite. The ore is generally porous 
laminated hematite, in parts partly lateritised. 

24. Durbar Buru to north boundary. 

27, Duarguia Buru. 

The ore-bodies in these two sections occur at the top of the main 
iron-ore range just west of the village of Gua (22® 13' : 85® 23'), and 
have been opened up to a certain extent by the quarrying operations 
of the Indian Iron and Steel Co., Ltd. No borings have been put 
down, but before quarrying operations were commenced, a number 
of trenches and prospecting pits were made. 

From ^e south end of Durbar Bum, along the range to the 
northern boondaiy of the Indian Iron and Steel Company’s property 
is a distance -of about 3ji mUes, and good hematite occurs along the 
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top for almost tbo whole distauoc. The range runs nearly north-'Cast 
to south-west) and the various rises on it are known as Raja Ruru, 
Raijoii Bum (One-Tree Hill), Bonamuli Bum, Honjurdiri Burn, 
Bai Bum and Durbar Buru. These rises are 1,000 to 1,300 feet above 
the plains of Gua. Prospoeting and quarrying operations have been 
confined mainly to Oiie-Trco Hill, Bonamuli Buru and Honjurdiri 
Bum, which seem to contain some of the richest ore in this part of 
the range. 

At the north(Tn end of the property is part of Raja Buru, and 
the ore at the toj) of this hill is similar in (‘hara(;t<*r and a continuation 
of the ore-body described under No. 20, Jarida Bum (south area). 
The ore seems to get richer and loss lateritised towards the south. 

Ricii hematite occurs on the top and down the slopes of One-Tree 
JIi|I, and this is especially noticed on tlie western slopes where ore 
in situ can be traced some tlin^e hundred feet below the top. On the 
east side of Bonamuli Buru and One-Tree Ilill. thin-bedded powdery 
hematite occurs. A certain amount of this ))owder ore wras observed 
before quanying operations had comnu*ncc<l, but wdth the removal 
of the outer liard crust ol partly latiuitised hematite, considerable 
quantities of this soft oie is seen. Thin bauds of clayey and siliceous 
material occur, running ])arallel to the bedding in this soft blue ore. 
Below the oie is banded hematite-quaitzite sti iking north-easi to 
soiitli-west, and dipping 7(r to the north-west. On the east side 
of the range, banded hemal ile-quartzito occurs overlying the buff, 
purple and w'hitish shales w^hich are seen in the Gua plain. The 
rocks are verj' much bent about, and replacement of the banded 
hematite-quartzite has been irregular. At several points along the 
range there are short lengths of cliffs of rich hematite from 50 to 70 
feet high. 

The ore in Bai Buru seems to be rich stccl-grcy hematite, 
bminated in parts, but generally of good quality ; towards th^ 
south-west this ore seems to pass laterally mto banded hemaiiio- 
quartzite, which again further to the south-west passes laterally 
into the hematite w’'hich forms the Durbar Bum ore- body. The 
pre on Durbar Bum does not seem to be of such good quality as that 
to the north-eaet, and seems to bo much intermixx^d with banded 
hematite-quartzite. In the Bai-kichri Loj on the lower western 
alopea of Durbar Buru, is some blue powder hematite, but tbe slopes 
are too covored to determine its extent, 

I 
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South-west of Durbar Buru is about half a mile of banded 
hematite-quartzite, which seems to pass laterally towards the south- 
west into the hematite of Duarguia Buru. A second ore-body occurs 
on the south-west slopes of Duarguia Buru, and is separated from 
the first by banded hematite-quartzite. The hematite and the 
quartzite have a steep dip to the north-west. The ore generally 
does not seem to be of such good quality as in the hills where 
quarrying is being carried on. 

25. Baya Bum. 

Baya Buru is a conical shaped hill, miles south-west of Gua. 
The lower slopes of the hill consist of while and puiplish coloured 
shales, but towards the top is banded hematite-quartzite striking 
north-east to south-weit and dipping 70° to the north-west. The 
slopes of the hill are largely covered, but at the top is good 
laminated, somewhat porous hematite associated with some of the 
massive steel-grey type, the whole being lateritised to some extent. 
ITia quantity of ore on the hill is comparatively ^.mall, about a 
milfion tons, but owing to the steep slopes of the hill, will be rather 
difficult to work and get away. 

26. Jiling Bum. 

Jiling Buru is a comparatively low hill situated close to the west 
bank of the Karo river, just over a mile to the south of the villagv* 
of Gua, and about a mile to the east of the main iron-ore range. 
The ore-body in this hill is being opened up by the Indian Iron and 
Steel Co., Ltd. The ore is of quite a different type from that of 
most of the ore in the area, in that it is a hematite breccia consisting 
mainly of fragments of steel-grey hematite cemented together gener- 
ally by hematite. Occasional fragments of jasper and banded 
liematite-quartzite occur in it, and at times these form the predomi- 
nating material in the rook, and when this is the case, the material 
is useless as an iron-ore. The richest material seems to come from 
the south-west slopes near the top of the hill. The rook is massive, 
very hard and well-bedded, but the bedding can be confu ed with a 
series of veiy well defined joints in the rock. The ore is generally 
of good quality, the bettor parts averaging about 65 per cent, of 
iron, but care has to be exercised in the quarrying and despatching 
to avoid the material with the siliceous fragments. The beds ate 
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rather bent about, but seem to be generally folded into an anticline, 
but the area is much covered, and on the west side of the hill is much 
latcritisod. On the east side of the hill the ore-beds dip some 40 to 

to the east or E. N. E., and on the west side of the hiU they dip 
a similar amount to the south-west. The ore-beds which are well 
exposed at the top of the hill, which is some four hundred feet above 
the river, seem to be a band in the shales, and are overlain by a thin 
band of cherty material, which is seen on both the east and west 
sides of the hill, and is overlain in turn by shales which are generally 
of a white or pale-grey colour. The cherty band is possibly due 
to silicification of the ^ales. 

Before the forest and soil had been cleared from the surface, and 
before quarrying operations had been commenced to any extent, 

I took twenty feet as the thickness of the ore, but later work has 
shown that this figure is much too small, and that my estimate of 
‘2,000,000 tons of ore should be very largely increased. 

28. HiU 10 to Ajiti Bum. 

29. Body east of ore-body 28. 

Those two ore-bodies occur in the northern part of the main 
iron-ore rangii, and are situated about li miles to the north-w'est of 
the village of Baraiburu (22^ 09' : 85" 22'), and ore occurs along 
the top for practically the whole length of about two and a quarter 
miles. The ore- body and ore is similar to that in the main Gua range 
described under No. 24 on page 274. At the top of the ridge them 
is good solid steel-grey hematite in sUu, but most of the ore is 
laminated and rather porous. On the north-west/ edge of the ridge 
there is a low cliff about fifteen feet hi^ of rich hematite, but some 
soft blue powder ore also occurs on this side. 

On the lover south-eastern slopes of Hill 10 is a second ore-body 
No. 29, which is a continuation of the Tatiba ore-body No. 33, and 
it 18 well exposeii along the forest boundary line, and in the Darkada 
Qara. The body is indicated by a cliff of rather lateritised shal\- 
looking and earthy hematite, and is separated from the upper ore- 
body by banded hematite-quartzite, which is jaspery in character, 
and dips 70" to the north-west, the hematite having a similar dij*. 

30. Jififai Bum. 

This is a continuation to the south of the ore-bodies des(*-ribed 
under Nos. 28 and 29, and lies some five miles to the west of 

i2 
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Baraiburu. It was estimated separately on page 261, beoause the 
area was taken up by the Bengal Iron Co., Ltd., whilst the areas 
to the north and to the south were taken up by other companies. 
The ridge is largely covered with soil and debris, and is very similar 
to that described under Nos. 28 and 29. The upper body of ore is 
separated from the ore^body the north by banded hematite* 
quartzite, but the occurrence a-nd general character of the ore is 
similar. Good solid stcel-grey hematite is seen on the top of the 
ridge, and also on th(‘ main road near the top south end of the ridge 
near the Bilai(*hopi pass, but laminated and porous liematite also 
occurs. The highest ])oint of Jiripai Bum is nearly eight hundred 
feet above the road at the pass, and is some 1,300 feet above the low 
ground near Baraiburu. Some low eliffs of rich hematite occur 
on both the east and west slopes of the ridge. 

The lower band of ore is much lateritised, and in parts it is 
manganiferous. Home prospecting ])its have been put down on 
Pachripi Bum and other eastern lower slopes, and good hematite 
and manganese-ore occurs /;? stV//, but most of the manganese-ore 
is^of inferior quality, and requires a lot of trimming and hand-picking 
to get any quantity of first grade ore. The iron-ore is generally 
laminated, often lateritised at the surface, and largely covered. 
Considerable quant iti(*s of hematite debris are found on the slopes 
of the ridge, and in places this has been cemented together by ferru- 
ginous material to form a hard, rich consolidated ore. 

31. Sasangda. 

This series of hills is a continuation to the south of the main 
iron-ore range at Gua, and generally marks the boundary between 
the Singhbhum district and the Keonjhar State. The area on the 
Siugbhiun side of the boundary has been applied for by the Tata 
Iron and Steel Co., Ltd., and that on the Keonjhar side by Messrs. 
Bird and Co., Ltd. 

The portion of the range applied for by the Tata Iron and Steel 
Co., Ltd. is nearly six miles in length, and is of variable width. Good 
hematite occurs for practically the whole of this length, but the 
depth to which the ore extends is variable, and figures arc little 
more than a guess as practically no prospecting work has been done, 
and no borings have been put down. Streams whicjh run down the 
western side of the range sometimes expose the ore, and from the 
difference of elevation of these exposures and the ore exposed at tiie 
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tops of the hills, there is about four hundred feet. In the Churdia 
Lor in the northern part of the area hematite can be traced down 
the stream to a leveb about four hundred feet below the hills on the 
side of the streain ; in the Maghahatu Uara which runs away from 
near the centre of the area, hematite occurs well over four hundred 
feet below the ore exj^osed in the hilltops near the stream ; in the 
Garahatu Lor which runs awa\" from towards the south end of the 
property, there is a difference of level of about three himdred feet. 

The ore occurs associated with banded hematite-quartzite, which 
is well exposed on each side of thci range, and also on the boundary 
line near the Katkamua Pass at the south end ot Keonjhar (Kiri) 
Bum, at the south end of tlu* ])roperty. The ore and the 
quartzite at this point strikes N. JS. K, and dips about 70^ to the 
W. N. W, III the stream south of Keonjhar Bum, the hematite 
seems to pass laterally into the quartzite, but no actual junction 
or passage is seen as the grouinl is covered. In the centre of the 
area there is a plain on which the old village of Sasangda (22° UT : 
85° 18') was situated, and near tliis point tlu* rocks seem to have 
been much folded and disturbed. Soft whiti^ shales, similar to those 
noted at Oua and Koamuiuli as oceurring below' the banded 
hematite-quartzite, are seen in the tank tow'ards the south end of 
this plain, but the slopes on each side of the range here show 
banded hematite-quartzite. This shale is evidently brought up by a 
sharp anticlinal fold. 

The main body of ore o<K*urs on tht‘ w<»stern side of the top of the 
range, and the ore is generally a massive or laminated, steel-grey 
hematite, but bi'eomes more porous to the (^ast, until near the eastern 
edges it is generally porous, lamina1t‘d with a shaly appearance, 
and is often miicli lateritised at th(* surface 

Some magnetite occurs as small octahedral cr)\stals in some of 
the bands of h(»matite, and also in tlu' bandetl hematite-quartzite, 
and although not largo in quantity, is sultieieut to affect readings 
with the magnetic compass. Octahedral crystals ot maitite also 
occur, and these and the magnetite crystals seem to be mo.^t 
abundant in the porous ore. Livige quantities of hematite debris 
occur on the slopes of the range, but the amounts are negligible when 
compared wdth the tremendous quantity of ore w situ on the range. 

Rich hematite occurs in the ridge to the south-w^est of Sitaladi 
Bum at the north-east end of the property, and the easterly slopes 
are covered with good hematite debris. 
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Sasangda Bum and tlie hills near it at the north end of the 
property, and to the south-west of Sitaladi Bum are mainly massive 
steel-grey hematite of excellent quality, but a certain amount of 
lateritisation has taken place. The upper western slopes of Sasangda 
Bum are of banded hematite-quartzite dipping at a very high angle 
to the north-west, and this rock forms steep cli& and waterfalls in 
the Bogara Gara. 

In the upper reaches of the Maghahatu Gara are some olifis with a 
large cave in rich solid steel-grey hematite, but below this is banded 
hematite-quartzite dipping steeply to the north-west and making 
an almost impassable barrier which forms a series of waterfalls in the 
stream. In the stream near the top of the range is laterite which 
has a lammated or shaly appearance and is evidently covering good 
hematite. 

The width of ore exposed across the range in the hills just north 
of Keonjhar (Kiri) Biuru at the south end of the property is about 
1,000 feet, and it is mainly rich massive steel-grey hematite, but 
east of the Singhbhum-Keonjhar boundary it seems to become more 
prmus and shaly in appearace, and is more latcritised in character. 

South of the Katkamua pass (22° 03' : 85° IG') to the tri-junction 
boundary pillar has been taken up by Messrs. Bird and Co., Lt<l., 
who have put down a few prospecting pits. Kear the pass replace- 
ment of the quartzite has been imperfect, but a short distance farther 
south good hematite again occurs. The top of the range in this 
Gandi Bum section narrows down considerably. The small hill 
south of Keonjhar Bum, between the Lasara Gara gorge and the 
Katkamua pass is rich massive steel-grey hematite, but the Gandi 
Bum section from this small hill to the Bonai boundary is very 
much lateritised. Porous laminated shaly-looking hematite is ex- 
posed in places, and much of the laterite looks as if it had resulted 
from the alteration of this ore. 

The eastern sloj)es of this portion of the range are in the Keonjhar 
State, and a short description of this side is given under Keonjhar 
State ore-bodies Ko. 57 on page 291. 

82. Tatiba, upper ore-body. 

33. Tatiba, lower ore-body. 

These ore-bodies ooour in an area to the south-west of Baraibum, 
which was proq[>eoted by Messrs. Villiers, Ltd., and lies between 
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the Sasaiigda area No. 31, the Keoiijhar side Sasangda area No. 67, 
and the Jiripai Bum area No. 30. 

The ore-bodies are well exposed in the Uskirangwa Lor, in the 
Tatiba Gara, and also in the slopes and top of the Sitaladi Bum, and 
they extend right through the property, which is about a mile in 
length. 

The upper ore-body occurs at the top of the range, in what is 
known as Sitaladi Bum, and is a continuation in a north-easterly 
direction of some of the main Sasangda ore. The width of this ore- 
body is about four hundred feet. Rich solid stcel-groy hematite 
is exposed at the top of the hill, and on the eastern slopes, where 
it is seen dipping about 60"^ to 60® to the north-west, but the ore is 
generally of the laminated type, and is often fairly porous. In 
places it is much lateritised. The south-easterly slopes are covered 
with rich hematite debris. 

The lower ore-body is a continuation to the north of the lower 
body No. 57 held by Messrs. Bird and Co., Ltd., in the adjoining 
Keonjhar State, and described on page 201. It can be traced right 
through the property, and is well exposed in the Uskida Lor which 
forms the south boundary of the property, in the Uskirangwa Lor 
in the centre, and in the Tatiba Gara where it forms a series of small 
waterfalls, and which forms th(3 northern boundary of the proi)erty. 
It is also exposed on the lower slopes of the range, but hematite and 
other debris often hide the ore-body. The ore is generally laminated, 
sometimes porous, and at the surface it is often lateritised. Some 
blue powdery hematite is seen. The ore-body appears to be some 
800 to 1,000 feet in width. 

There is possibly another small band of od 3 between these two 
ore-bodies, but this is somewhat doubtful, as the ground is very 
covered. 

34, Silpui area, Jamda. 

A number of prospecting pits were put down in the Silpui area, 
mainly on Ratandu Bum, just north of Jamda village (22® 10' : 
86® 26'), but few of them went below three or four feet in depth. 
Ratandu Bum was originally pitted by Messrs. Villiers, Ltd., but 
was taken over later by the Bengal Iron Co., Ltd. It is doubtful 
if any solid ore occurs, although a small ridge of hematite at the 
top of Ratandu Bum may be in situ, but a considerable amount of 
rich hematite debris occurs lying on the surface and the prospecting 
pits on the hill show that the debris extends to a depth averaging 
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aLout three feet, and of the material excavated from the pits, about 
half is good heniatiie, and the remainder is gravelly ferruginous 
material. The hill seems to be mainly purple ferruginous shale, 
sometimes sandy in charactt*r, and tlipping variably from 40° to 70° 
to the north-'west, but on the -western side of the hill is a band of 
cherty material. On the eastern side of the hill there is a certain 
amount of manganiferous matter, but the prospecting pits have 
failed to reveal any quantity of manganese-ore or any real ore-body. 
•Similar manganiferous material occurs at several points near the 
-village of Jamda. In some of the railway cuttings near Bara Jamda 
railway station, thin stringers of pyrolusite and other manganese 
material occurs, and also in the laterite cuttings just south of the 
bungalow at Jamda, but they seem to be of no economic value. 
Biari Bum, east of Jamda, and the small hills (Landub Bum and 
Senda Bum) to the south-east of Jamda seem to be lateritised shale, 
but they all contain pyrolusite and other manganiferous matter, 
together with good hematite debris. 

Keonjhar State. 

I visited practically all the iron-ore bodies in the Keonjhar State, 
with the exception of those in the isolated Ganda Mardan hills. 
I did not have an opportunity to make estimates of quantities of ore 
in the following ore-bodies which occur in the State, but in the tables 
on pages 251 to 255, I have incorporated the estimates made either 
by Capt. Teychenn^ or Dr. Krishnan, both of the Geological Survey, 
toobtain an idea of the total quantity of ore in the State 

No. 7. Sidhamat Parbat. 

No. 8. Durga Parbat. 

No. 13. Jiling Pahar. 

No. 15. Eurbandarea. 

No. 26. Kundmpani and Chur Mala. 

No. 37. Maha Parbat. 

No. 50. Churasai and Loiaboga (Loibogn). 

No. 55. Ganda Mardan. 

At the time of my early visits to Keonjhar State, the only maps 
available were the old Bengal Survey sheets on a scale of one inch 
to a mile, which were made abont seventy years ago, and I have only 
been able to check up a few of the ore-bodies with the assistance of 
the new mi^. 
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The ore-bodies in Tkakurani Hill and in Joda East Hill, appear 
to be the largest and the richest in the State, but some of the other 
ore-bodies such as in the area near Kurband, and near Burda, contain 
large quantities of very massive 8t.eel-gr(*y hematite. The ore in the 
area round Barabil, and the country to the south, occurs in low- 
Ijdng irregular shaped hills, often rising out of a cultivated alluvial 
plain, and comparatively little ore is seen in situ as the rocks are 
very lateritised, and the hills are largely covered with hematite and 
laterite debris. 

1. South e)xd of Kotamati Buru. 

2, South end of Paehri Bunt. 

S. Included in Singhbhvm No, 7. 

The ore in these bodies is a continuation of that described in the 
Singhbhum iron-ore bodies Nos. 1, 2, 4 and 7 on pages 2b2 to 2G6. The 
Charipat Burn ore-body No. 7 only extends a short distance into the 
Keonjhar State, but the Kotamati Buru, the Paehri Buru and the 
Lagirda Burn bodies extend for about a mile in each case to the 
south of the Singhbhum- Keonjhar boundary. The ore and its occur- 
rence is generally similar to that which occurs at the south end of 
the corresponding ore-bodies in Singhbhum, 

J, Thahrraui, 

The Thakurani liill-mass c onsists of three main ridges which rise 
some 1,3(M) feet above the plain, and is situated in the northern part 
of the Keonjhar State, and about twelve miles south-east of Barabil 
(22° 07' ; 85^ 24'), The hill-mass consists of banded hematite- 
quartzite, with the upper pari of each of the ridges occupied by rich 
hematite. The rocks dip generally to the north-west at high angles, 
but are much contorted and folded. 

The eastern ridge shows good hematite at the top, somewhat 
lateritised in j)Iaces, and with a scarp about twenty feet high on the 
south-east side. The hematite is often covered with consolidated 
ore. The slopes of the ridge are laigely covered with hematite and 
other debris. At the south end of this ridge the hematite seems to 
pass laterally into banded hematite-quartzite. The actual passage 
of one to the other is not seen owing to the covered nature of the 
ground, but on following along the strike of the hematite beds, after 
a few yards oi covered ground, banded hematite-quartzite occurs. 

The western ridge is covered with very heavy forest and soil, but 
contains a band of hematite which is well seen towards the south end 
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of the ridge, where near the top western edge some fifty feet of rich 
hematite is seen, and lower down the slopes just to the east of Dulki 
(22® 07' : 86® 26') is a forty foot cliff of hematite. The east and 
west slopes of the ridge show banded hematite-quartzite, and some of 
this rock is seen near the top centre of the ridge. 

At the south end of the middle ridge good exposures of rich 
laminated and massive steel-grey hematite are seen, and rich ore can 
be traced along the ridge to the north-east for about one and a half 
miles, and can be traced for over two hundred feet down the east and 
west slopes before being covered with soil and debris, but lower down 
the slopes is banded hematite-quartzite. The rocks seem to be bent 
into an anticlinal fold, but the dip is very variable. The hematite 
seems to become lateritic at the northern end of the ridge. 

5 and <>. Jharyaon. 

In the low hillocks stretching from north-west of Jhargaon (22® 
03' : 85® 23') to south-west of the village is a considerable quantity 
of hematite and laterite debris, associated with some small ore-bodies, 
of wliich the boundaries are rather indefinite owing to the covered 
nature of the ground. The ore seems to be of fair quality, is rather 
shaly in appearance, and is generally more or less latcritised at the 
surface. In the northern part of these hills, there are some exposures 
of rich laminated hematite, and some manganiferous material occurs. 
In the small hillock one mile to the wTst of Jhargaon, iron-ore occurs 
at the top renting on banded hematite-quartzite. In the lower east 
slopes underlying the quartzite is some banded limestone, but owing 
to the covered nature of the ground its extent is doubtful. 

7. Sidhamat Parbat. 

Sidhamat Parbat is situated just over a mile to the west of 
Roida (22° 01' : 85° 23'), and consists of two peaks, the highest of 
which rises some nine hundred feet above the plain. Some small ore- 
bodies occur, but the area is very covered and broken up. There is 
much laterite on the western side of the hill, which is manganiferous 
in parts. 

9 and 2J. Joda West 

The area west of Joda (22° 01' : 86° 26'), which includes Surjat 
Parbat is largely covered with soil, laterite and debris, and little ore 
is seen in A patch of rusty-looking hematite occurs on the east 
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slopes of the hill, and both the east and west slopes have good hemakit<' 
debris, bat the top of the hill shows cherty and sandy material. My 
estimate of 4,000,000 tons is made mainly on the debris material in 
this area, as it is doubtful if any large quantity of in situ ore occurs. 

9a. Bhaliathori Pahar. 

Bhaliathori Pahar is a flat hillock about two miles south-east ol 
Bhadrasai (22° 03' : 85° 23') and is largely soil covered. It is 
doubtful if any ore occurs in situ, but there is a large quantity of 
good hematite debris, cemented together in parts by lateritic material 
to form a consolidated ore, and the whole is largely manganiferous. 
In parts the manganese seems to be the predominating material, 
but like most of the manganese deposits in this part of Keonjhar 
State and south Singhbhum, considerable hand-picking is necessary 
to get much first grade ore. It is possible that hematite occurs in 
siln, but the debris is estimated at about 5,000,000 tons. 

10, Joda East. 

11. Banspani Pahar. 

The ore occurs in the ridge which in the north part is known as 
Bara I’arbat, and in the south end as Banspani Pahar, and is .situated 
to the east of the village of Joda (22° 01' : 85° 26'). The ridge 
rises some seven hundred feet above the level of the plain on which 
Jo<la is situated, and the western slopes are steeper than the eastern. 
The area has been taken up by the Tata Iron and Steel Co., Ltd., 
who have put down two bore-holes and a number of prospecting 
pits. Bore-hole No. 1 was started in good solid steel-grey hematite, 
and with the exception of four thin bands of laterite totalling less 
than four feet in thickness, continued in hard hematite to a depth of 
ninety-three feet, below which the hematite became powdery in 
character, and this continued to the bottom of the hole, which was 
stopped at about 130 feet below the surface. Analyses made by 
the Tata Iron and Steel Co., Ltd., from material obtained from 
various parts of the boring show that the solid hematite averages 
over 68 per cent, iron, whilst the powdery hematite averages about 
67’5 per cent. iron. The second bore-hole was put down about 42 
feet, of which the top eighteen feet was laterite, and the remainder 
shale. Hematite occurs at the top slopes and also on the top of the 
ridge, but a band of shale runs in a roughly north to south direction 
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through the ridge. The width of this slxale band does not seem 
to be large, but the top is largely covered. On the east slope of the 
ridge, just to the north of the Kamarjora-C^hamakpur path, good 
massive steel^groy hematite occ'urs as a clilf {see Plate 24) and can be 
traced down the slope for over a hundred feet, below which the 
slope is covered, but lower down banded hematite-quartzite occurs. 
The ore occurs associated with banded hematite-quartzite, which is 
seen on both east and west slopes of the ridge, and also occurs as 
irregular patches on the west slopes of Banspani Pahar. The dip 
of the ore-beds and the quartzite is variable, but seems to be generally 
at a low angle to the E. S. E. The ore at the north end of the 
ridge is somewhat lateritised, and some laterite occurs at the top, 
but from its appearance, most of it seems to be altered hematite. 
Some parts of this material gives out a hollov;^ ringing sound when 
walked on. 

In the gaji between Bara Parbat and Banspani Pahar, hematite 
is vseen in situ dipping about 2<^ in an easterly direction, and rich 
massive steel-grey hematite occurs at the top of the Banspani hill. 
The slopes of the hill are largely covered with good hematite debris, 
but OB the south-west top slopes, the dip of the ore is seen to become 
much steeper, and is as much as in a south-easterly direction, 
.and ore can be seen down the hill side for nearly two hundred feet. 

Rich hematite also occurs in the lower ground to the north of the 
main ridge, and althougli the ground is partly covered, it is evidently 
a continuation of the main ore bands. The small hillock to the 
north of Bara Parbat i.s mainly banded hematite-quartzite, but 
some good hematite occurs on the north-western slopes and seems to 
die out towards the north. 

11. Hast of Jodti East. 

There is a small patch of ore that occurs to the east of the Kala 
l^arbat-Banspani Pahar ridge. The ground is very covered, and the 
extent of the ore-body is doubtful. Good hematite, lateritised in 
parts, is seen extending down the east edge of the hill for about 
thirty feet, before being covered. The west slopes of the hill are 
largely covered with a red soil, in which is thick hematite and laterite 
debris. The ore-body is about half a mile in length, and seems to 
be rather porous and lateritic. At the time of my visit, no prospecting 
pits had been opened up, but my estimate of 264,000 tons, will, no 
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doubt, be found to be on the low side when the area is properly 
prospected. 

72. l)al Pahar a^td tutrth of Kurhaad, 

15, West of Kurbaud, 

25, Between Kurhand and Jorvri. 

24, North-wefit of Batkntnia Pahar, 

25, Batkvinia Pahar, 

In the hills on and near the Bonai-Keonjhar boundary, to the 
west of Kurhand (21° 57" : 85° 21") and near Gurda (21° 55' : 85° 23'), 
some excellent bodies of rich massive Rt<*ehgTey hematite are well 
exposed, some of which extend into th(^ Bonai State. In Dal Pahar, 
and on the north side of Kurhand, and in the hills near Joruri, 
ai)out two miles east of Kurhand, there are some good ore-bodies. 
To the east of the village of Joruri, good ore is seen in i^itv at the tops 
of the hills, but none of the ore-bmlies seem to be very large. To the 
west of this village there are other ore-bodies, but they seem rather 
poor in quality, and are n iich laterilised. 

26, Kundrupani and Vknr Malda, 

In the hills still further to the west of Kiuband, between (hur 
Malda (21° 57': 85° 22') and Kundrupani (21° 58': 85° 22') aic 
several small iroii-ore bodies. None of them seem very rich, and 
they are generally much lateritised. 

10 and 27, Guali, 

The country round Guali (21° 69': 85° 17') and Burpoda (21° 
58' : 85° 18') is largely soil covered, but contains several small 
patches of Ijeniatite del ris together with some small exposures of 
hematite in situ, in fact, most of the hillocks near these villages 
show good hematite debris. The lov^ hills forming the Bonai- 
Keonjhar boundary between Kalmang (21° 57' : 89° 19') and Burjjodii 
consii^ of fairly solid somewdiat porous, laminated hematite having 
rather a shaly appearance, and are partly covered with hematite 
and laterite debris. The ridge running south-west of Burpoda to 
Bagasa (21° 57' : 85° 17') arc similar and show occasional patches of 
fairly rich ore. The beds arc flat, but are largely covered with soil 
and shaly hematite debris. The low hills between Burpocla and 
Guali seem to be ferruginous shale covered with soil and hematite 
debris. 
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17. One and a hcdf miles norik-ea^ of Bhadrasai. 

North-east of Bhadrasai (22° 03' : 85° 23') are several anriRll 
hillocks consisting of shale and sandy shale, often ferruginous in 
character, and largely covered with hematite and laterite debris. 
The hillock immediately east of the village contains some banded 
hematite-quartzite, but at the top some hematite occurs in sUu. 
All the hillocks are covered with hematite debris, some of which is 
cemented together by laterite to form consolidated ore. The ore 
in these hillocks seems to be small in quantity, and not of particularly 
good quahty. 


18. Kcda Parbat. 

Kala Parbat is a somewhat rounded hill which is situated about 
two miles east of Bhadrasai. The lower slopes of the hill are of 
white to red sandy shale, but material can be seen on the western 
slopes which shows a gradual passage from shale to ferruginous 
shale aud eventually into hematite and manganese oxide. The ore 
is very mixed and the groimd is largely covered. Good Jiematite, 
porous in character, and ofteu much lateritised occurs at the top 
east and west slopes but towards the top centre of the hill it becomes 
covered with soil and hematite and laterite debris. Good rich 
hematite is again seen in situ on the lower south-east slopes, 
near the road running north-east from Bonaikera (22° 02' : 85° 
25'). 


19. Between RaUcora and Borita. 

Between Baikora (22° 04' ; 86° 26') and Borita (22° 04' : 86° 
27') are two small ore-bodies separated by banded hematite-quart- 
zite and ferruginous shale. At the tup of the small hillock half 
a mile east of Baikora, a good rich body of fairly massive hematite 
occurs, and is well seen at the northern end of the hillock. The ore- 
body runs along the length of the hillock, aud is seen near the top 
forming a cliff about fifteen feet high, and ore is again seen in the small 
hillock along the strike of the rocks to the south-east, but tlie amount 
of ore is small and is largely covered. This small patch shows some 
unreplaced patches )f the banded hematite-quartzite. In the small 
hillock half a mile to the south-west is a similar ore-body of about 
the same extent, but it looks doubtful if the ore goes to any great 
depth. The ground is very covered with soil aud mixed debris. 
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but tho ore-body appears to be about 2,000 feet in length, and about 
120 feet wide. 


29. Between Gurda and Gonua. 

Tho hills which occur about lialf way between Gurda (21° 55' : 
85° 23') and Gonua (21° 65' : 86° 22') have an ore-body of good solid 
steel-grey hematite at the top, and the lower west slopes are covered 
with rich hematite debris. The ore seems much bent about, but has a 
general low dip of about 20° to the west. The slopes on the east side 
of the hill towards Gurda are covered with soil, so the extent of the 
ore-body is doubtful. The hills to the south and west of Gonuu 
arc generally laterite, but the surface is covered with fair quantities 
of hematite debris. 

30, 31, 32 and 33. Arms nmr Joribor. 

34 and 35. Areas nmr Paisa. 

36. South-east of Kunipos and near Boradha. 

The hills surrounding the Joribar (21° 56' : 85° 26'), Paisa (21° 
56' : 86° 25') and Boradha (Burda) (21° 63' : 85° 24') plain contain 
numerous small bodies of iron-ore. Numerous outciops of laminated 
ore are seen, but the area is largely covered with lateritic material 
and hematite debris, and none of the bodies, seem to be very large, 
'fhe hills are generally flanked on the east by banded hematite- 
quartzite, and the western slopes are generally covered with soil and 
debris. The deposit to the south-west of Paisa is manganiferous. 

37. Maha Parhat. 

Maba Parbat is situated about two miles to the south-east of the 
village of Boradha (Burda), and rises about six hundred feet above 
the low country. On the east side of the hill there is a cliff of banded 
bomatite-quartzite dipping to the north-west, and similar quartzite 
IS seen at tlie south end of the hill. Hematite occurs at and near the 
top of the hill, and is generally of a laminated tj’pe, often lateritised. 
Some blue powdery ore is also seen at the top of the hill. The 
western slopes are covered with soil and hematite debris. The main 
ore-body seems to be about 1,300 feet in length, and about 300 feet 
across, and seems richer in the southern part than in the northern 
part of tho hill. There is a considerable quantity of consolidated 
ore on this hill. 
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45, 46 and 61. Bills near Mitihurio. 

47 and 48. Diting Burn. 

49. Banga ParbcU. 

The hDls along the Bonai-Keonjhar boundary to the east and 
south-east of Mitihurda (21° 50': 85® 20') contain large quantities 
of porous laminated hematite, often very much lateritised. but the 
country is so covered with soil, hematite and other debris, tiiat it is 
only possible to get a rough idea of the quantities of ore present. 

Siolid lateritio hematite occurs at the top of Diring Buru, and runs 
along the ridge towards the north, but farther north passes into 
banded hematite-quartiSito. The south and east slopes of the hill 
are banded hematite-quartzite. 

53. Mnnkarnacha Peak. 

Mankarnacha Peak is situated about two miles north-east of 
Batgaon (21° 47' : 85° 13') and contains a body of good ore at the 
top of the hill, but it is largely covered with consolidated hematite 
debris, and is somewhat lateritised in places. The east and west 
krwejr sloj^es of the hill are banded hcroatite-quartsite. 

55. Oanda Mardan. 

This is an isolated iron-ore area that I did not have an oppor- 
tunity to visit, and is situated a short distance to the west of Keonj- 
hargarh (21° 37' : 85° 36'). Capt. 'feychenn4 who examined the 
area states that there are four main ore-bodies associated with 
banded hematite-quartzite, and there is much good hematite debris 
on the slopes of the hills. 

66. Nor0t-w&<t of Barabil. 

Between Barabil (22° 07' ; 85° 24') and Uliburu (22° 08' : 85° 
23') are some low-lying hills which are largely lateritised, and covered 
with lateritic and porous hematite debris, but some hematite in 
ntu is exposed in the highest point of the hill just south-east of 
Uliburu. There is probably a continuous band of ore running 
through the hills in a north-east to south-west direction, but the 
ground is too covered to be certain of this. Messrs Bird and Co., 
Ltd., who have been working the area for iron- and manganesei-ore 
have not <^ened up «iou|^ ground yet to get very reiiable estimates 
of ore present. Similar manganiferous material with hematite occurs 
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in tbe low hilla about a mile south of Barabil. The material occurs 
in shale, and the ground is generally cohered with laterite and thick 
soil. In the small rise to the south-east of Sundra (22® 06' : 86® 28') 
some good hematite is exposed, but the ground is very lateritised, 
and at the highest point of the hill, manganiferous-ore is seen, and 
the soil is of a black colour. The area is being opened up by Messrs. 
Bird and Go., Ltd., and from the work done it seems to be the most 
promising of the manganese occurrences in the area. 

The ground between Ehendra (22® 09' : 86® 26') and Bilkundi 
(22® 08' : 86® 24') is largely covered with lateritic material, in which 
occurs patches of manganese oxide and some lateritised hematite. 
The surface also has hematite debris scattered over it. The manga- 
nese minerals seem to have been deposited by circulating waters that 
carried iron and manganese in solution. The distribution is extremely 
irregular, and the manganese-ore is very variable in quality. By 
iiand-picking a certain amount of first grade ore is obtained, but 
most of the quarried material is second grade manganese-ore, or 
mixed iron- and manganese-ore. 


57, Smangda {Keonjhar side). 

The ore which occurs at the top of the Sasaiigda range is divided 
by the Singhbhum-Keonjhar boundai)’*, and that which occurs on iho 
Keonjhar side is similar to that which oc'curs on the Singhbhum 
side, although generally it is not so massive in character, but consists 
of the more porous laminated type, and on the east edge is often very 
lateritised. The ore is rich hematite, and averages well over 60 per 
cent. iron. Good ore, lateritised in places, occurs for almost the 
whole of the five miles from just north-east of Keonjhar (Kiri) Bum 
(22® 04' : 86® 16') to where the boundary turns east near the Limtur 
Nadi and averages over seven hundred feet in width. South of Ejri 
Buru and the Katkamua pass to the tri-junction pillar (22® 00* : 
86® 14') however, the boundary line runs close to the east edge of 
the range, so that in this section, only a comparatively small quantity 
of ore occurs on the Keonjhar side. In this section the ore is a very 
much lateritised, laminated, shaly-looking hematite, btit near the 
tri-junction pillar there is rich massive hematite foiming steep 
clifis to th^ east. 

Lower down the slopes on the Keonjhar side of the range are two 
other bands of ore, which towards the north run into Singhbhum, and 

K 
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liave been desoiibed under Sii^bbum No. 3S, tilie Tfttibs lower 
ore-body. This lower ore-body runs for about three miles south 
the Singhbhum boundary and then dies out. It is possibly out out 
by a fault, but the ground is too covered by forest, soil and debris 
to determine this. !]^e ore is well exposed in the gorge north-west of 
Panposh (22° 06' : 85° 20') where it can be traced up the stream for 
nearly a tho\isand feet. The gorge which has practically vertical 
sides is cut through the Inminated hematite, and varies in width 
from about four to twenty-five feet, with an approximate depth of 
about 160 feet. The beds dip about 40° up the stream, i.e., to 
the north-west. Hematite occurs in the Jikaria stream at the south 
end of this ore-body, but it has become quite a thin band, and 
seems to have patches of unreplaced banded hematite-quartzite in it. 


Bonai State. 

The main iron-ore range in Bonai State has been divided into the 
following six sections for convenience in making the estimates, but 
rick hematite occurs at the top of the range, for practically the whole 
of the distance from the Singhbhum-Keonjhar boundary to just 
north of the Kurhadi river, a distance of about fourteen miles : — 

1. Singlhhum-Kemjhar boundary to Samaj nadi gorge. 

2. Samaj nadi gorge to quartzite break (about tdtree miles). 

3. Quartzite break to path north of Samlaibar Pahar. 

4. Samlaibar Pahar Ipbont 1\ miles). 

5. Bichakhani Pahar. 

6. Bandrahar Pahar. 

The range consists mainly of banded hematite-quartzite striking 
north-east to south-west, and dipping about 70° to the north-west. 
There are two or three points where there are breaks in the ore, and 
where replacement of the quartzite has not taken place. 

The first and most norflierly section in Bonai ^te sfxetches a 
distance of about three miles from the boundary to the Samaj river 
or nadi, and is a continuation of the main iron-ore range in Sing^- 
bhum. Where the stoeam outs through the range is an excellent 
■eethm of much folded banded hematite-quartzite, but no workable 
hematite is seen in the bed or banks of ^e river. High up on ^ 
range, both to the north and to the south of the xivoc is rich hematite. 
The top of the nmge which varies ixcm about 400 to 800 feet aetoes is 
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largely ooveied but good heix^tite is exposed in situ in places and 
there is much rich hematite debris. The ore is of the porous lamina- 
ted type, and has rather a shaly appearance. 

The second section runs from the break in the ore at the Samaj 
nadi for about three miles to the south-west, to where there is 
another break in the ore-body, and includes the peaks Karaspani 
Pahar and Ertia Pahar. Towards the south end of this three miles, 
replacement of the banded hematite-quartzite seems to be less com- 
plete than to the north, until at the break it seems that the hematite 
passes laterally into banded hematite-quartzite, which extends for 
about three hundred yards, and then again passes laterally into 
hematite. The actual junction showing the passage of one into the 
other is not seen owing to the covered nature of the ground. The 
ore just south of the Samaj mdi near the top of Karaspani Pahar 
is good rich massive steel-grey, but towards the south it seems more 
porous and laminated, and some of tlie bands contain maitito 
crystals. The width of ore across the range here averages about 
six hundred feet, but it is largely covered with heavy forest, soil and 
hematite debris. The ore extends down both the east and west 
slopes for over a hundred feet before it gets covered with soil and 
hematite debris. On the lower slopes of Erua Pahar, a little mangani- 
ferous material is exposed, but it seems small in extent and of no 
economic value. 

The third section runs from the banded hematite-quartzite break 
for about two miles towards the south, to the path passing over 
the range just north of Samlaibar Pahar, and rich hematite occurs for 
the whole of this length. It has practically the same strike apd 
north-westerly dip as to the north, but tow^ards the south the band 
of hematite and the range swings round slightly, and the strike 
becomes N. N, W. to S. S. E. The ore is similar to that 
noted further north, at times rich massive steel-grey, but generally 
rich laminated and often porous hematite, which in parts is much 
lateritised. It is well exposed on the east and west top edges pf 
the range, but often becomes covered along the oentre of the range 
with soil and hematite debris, the latter in some cases being cemented 
with lateritio material to form a consolidated ore. Towarrls the sonth 
end of this section, replacement has possibly not been so cmnpjete 
as in the northern part, and a good deal of covered ground occurs. 

The fourth section continues southwards from the third section 
for about miles, and mdudes the peak Samlaibar Pahar. 

K 2 
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Good heioatite, lateiitued in parts ooeuis along tbe whole of this 
section, and is well exposed in the Sandaibar Fahar, and in 
the small peak to the south. The laterite often shows a laminated 
character, and has evidently been formed from the laminated 
shaly-looking hematite. At Samlaibar Fahar good hemaldte 
stretches right across the range, which at this point is about eig^t 
hundred feet across, but on the east edge there is a oUfi of 
laterite. At the south end of this section, there seems to be another 
break in the ore, where the Tensa-Dadan Baikela path crosses the 
range just north of Bichnkhani Fahar (21° 52' : 85° 09'). There are 
considerable quantities of rich hematite debris on the western dopes 
of this section. 

In the fifth or Bichakhani Fahar section of about miles, the 
replacement at the north end has been somewhat imperfect, and 
Bichakhani Fahar is mamly banded hematite-quartzite, but rich 
hematite occurs just south of the Tensa-Dadan Raikela path. 
The lower slopes of the range are banded hematite-quartzite. The 
ground in the top centre of the range is largely covered, but rich 
heniatite of the porous laminated type is seen on both east and west 
top edges, and probably extends right across the range except near 
Bichakhani Fahar. Towards the south, near where the Tensa- 
Barsua path crosses the range, replacement is again imperfect, and 
banded hematite-quartzite occurs with the hematite, but owing to 
the rocks being very covered, its extent is uncertain. 

The sixth section runs south from the Tensa-Barsua path for 
about three miles, and includes the peak Dandrahar Fahar. Rich 
hematite, generally laminated and somewhat porous occurs at the 
top of the range for practically the whole of the three miles, but at 
Dandrahar Fahar, the ore is very massive rich steel-grey hematite 
dipping about 50° to the west, and forming a steep clifi on Ihe west 
side. Some of tiiis ore is magnetic, which is probably due to small 
crystals of magnetite. Ore can be traced down the western slopes for 
over three hundred feet. To the south, the ore passes laterally 
into banded hematite-quarttite. On the east top edges of the range, 
rich hematite occurs for about sixty feet before being covered, bat 
lower down the slopes is a cliff of good hematite nearly fifty feet 
in he^t, below t^ioh the slopes are covered. In the Kurhadi 
Nadi, which eute through tiie range at. the south end of this section, 
there is a thickness of aboat 3,000 feet of banded hematite-quartzite 
exposed, dipping 60° in a westerly direction. 
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7, Kandadkar Pahar. 

The Kandadheur Pahar peak is situated about a mile to the uorth> 
west of Bontha (21° 46' : 85° 08'). The main mass of. the hill 
consists of banded hematite-qxiartzite which forms steep scarps and 
cliffs on the western side. Iron-ore occurs at the top of the hill, 
and seems to be a replacement of the quartzite and of the shales 
which occur to the east. The rocks are rather folded at this point, 
but have a general dip of about 70° to the west or north-west. The 
ore, although often of good quality does not seem to be so massive as 
that in the main iron-ore range. It is well exposed at the north- 
west top comer of the hill where it forms a small irregular cM. 
The ore continues, more or less lateritised, and often covered, to the 
small rise about three quarters of a mile to the north, where ore 
much bent about is seen in situ. The ridge which runs out to the 
south-east of Kandadhar Pahar towards Bontha is partially covered 
lateritised hematite, but good hematite is seen in situ in places 
although it seems to be rather shaly in appearance, and much bent 
about and broken up. 

8. Chdiatoka Pahar. 

Gheliatoka Pahar is one of the highest points of the area under 
description, and is almost the most southern point of the iron-ore 
range. The hill consists of banded hematite-quartzite, which forms 
very steep cliffs both on the east and west side of the hill. North- 
west of the peak is a waterfall which has a vertical drop of nearly 
three hundred feet. In the lower ground immediately to the north 
of the peak is good hematite, but oving to the covered nature of the 
ground its extent is somewhat uncertain, but it seems to run round the 
low ground towards Kumritar Pahar. 

9. Kumritar Pahar. 

Kumritar Pahar (21° 45' : 85° 09') consists of rich hematite, 
lateritised in parts, and this ore continues towards the north, to 
just east of the viQlage of Fuhhari (21° 46' : 85" 10'). North-west 
of Kumritar Pahar is a good body of hematite, but the ground is 
very covered, and its extent is somewhat doubtful. A short distance 
below the top of the hill, the ground is covered with soil and good 
hematite debris, but on the southern scarp about forty feet of good 
ore is closed before being covered. At the south-east comer of 
the hill, ^e ore is steel-grey in odour and is vary massive. 
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North-west of Kumiitar ^ahat is a body of good hematite, but 
the ground is wary covered, and its extmt is somewhat doubtfid. 

A ridge just to the south-west of Fuiihari contains some bands of 
hematite, but it appeus to be interbanded with the banded hematite- 
quartrite, which forms the lower north-western slopes of Ihe hills. 
In some of the streams, the hematite debris has been cemented 
together by lateritic material to form a consolidated ore. 

10. Saraikela-Rontha path to Raism-Lugi path. 

At the edge of the scarp just to the east of Fuiihari is a patch of 
unreplaced banded hematite-quartzite, but to the north-east of this, 
the scarp shows good iron-ore, which continues for about one-and-a- 
half miles to just before reaching the Baisua-Lusi path, where 
another small patch of unreplaced banded hematite-quartzite occurs. 
Good rich hematite can be seen down the face of the scarp before it 
gets covered. It can also be seen dowm the dip slope for over eight 
hundred feet before being covered with soil and rich hematite debris, 
which in parts is consolidated together. Lower down the dip slope 
is "banded hematite-quartzite, dipping north-west. 

On the ridge west of Lusi (21° 47' : 85° 11') are considerable 
quantities of hematite debris, and possibly some ore in situ, of the 
lateritised rusty-looking typo, but it is impossibly without prospect- 
ing pits, etc., to get much idea of its extent. 

11. Raism-Lusi path to Jhubka-Dinakora path. 

The direct distance between these two paths where they cross the 
scarp is just over three miles, but the Pahardo Pahar (21° 47' : 
86° 12') ridge stretches out to the south-east, and replacement 6f 
the banded hematite-quartzite in this section seems very irregular. 
The south-east end of the Pahardo Pahar ridge is of extremely good 
Hsassive steel-grey hematite, which on the north-east side is lateri- 
rised, but the ridge and hill towards the north-west becomes covered 
Wftih soil and hematite debris, much of which has become consoli- 
dated. 

Beiplaoement does not seem to have been very complete just to 
‘Ihe west of Patripos Pahar (21° 48' : 86° 13'), and a large part oi 
the hill is banded hematite-quartzite. The edge of the scaip and 
the small hiUodc to the west of Patripos Pahar contains occasional 
exposures of hmutHn, witik a rinali twenty foot difi oi good ote 
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on the south side, but the hill is largely covered with laterite and 
hematite debris, especially on the north-west slopes. 

The scarp on the east side of Patripos Pahar to the Jhubka- 
Binakora path is largely covered, but contains good laminated, 
rather shaly-looking hematite, in situ in places, but it is lai^ely 
lateritised towards the north-east and towards Tumka Pahar. 

The hills north-west of Tumka Pahar are of lateritised hematite 
at the top, and banded hematite-quartzite lower down. The ore has a 
shaly appearance, and consists of thin layers of grey hematite 
alternating with thin layers of rather porous hematite and laterite. 

12, South-east of Jhubka, 

South-east of Jhubka (21® 60' : 85® 13') the ground is very 
covered and lateritised, but some small bodies of hematite occur, 
whose boundaries arc rather indefinite. 

13, Ungarpora Pahar, 

The Ungarpora ore-body occurs in a ridge about a mile to the 
west of Raikela (21® 63' : 85® 12'). The ridge is very much covered 
with soil and lateritic debris, and has been largely hill or dry cultiva- 
ted, but at the top good lamuiatcd hematite occurs striking nearly 
north to south and dipping about 70® to the w^est. The ore^body 
stretches for over a mile in length, and along the same strike about 
half a mile to the south, is a small exposure of hematite, but the 
intervening ground is covered. Laterite occui’s on the top east 
and west edges of the hill, and the slopes show several outcrops of 
laterite, some of which may cover rich hematite. 

li, Rengarbera. 

15. North-west of Kasira. 

16, South-west of Kasira. 

The low hillocks round Rengarbera (21® 58' : 86® 16®) and to the 
west of Kasira (21® 56' : 85® 15') are generally ferruginous sandy 
shale, but they are often covered with hematitic and lateritic debris. 
At the tops of the hillocks hematite is occasionally seen in situ, but 
the amount is not very large, although there seems to be a fair 
quantity of hematite debris. The ore does not seem to be of very 
good quality, is rather porous and of the shaly-looking type, and 
appears to have replac^ the shale. 
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17. VFesI of Koira. 

The high ground between Koira (21° 54' : 85° 15') and Kawagaon 
(21° 54' : 86° 14') is covered with laterite and rich hematite debris. 
At the top easterly edge is a small exposure of hematite in situ, 
and other small patches of hematite may bo in situ, but prospecting 
pits are necessary to prove that they arc. The slopes on the Nawa- 
gaon side of the hill are laterite and laterite debris. 

18. South of Kalmang. 

The hills to the south of Kalmang (21° 57' : 85° 19') are largely 
covered with hematite and laterite debris, but a small body of good 
shaly-looking hematite occurs. The ground is largely soil covered, 
so that the extent of the ore-body is doubtful, but it is not very 
large. 


19. East of Mankamacha Peak. 

20. West of Badamgarh Pahar. 

Between Mankamacha Peak (21° 48' : 85° 14') and Badamgarii 
Pahar are several ore-bodies, the boundaries of which are often 
indefinite, owing to the covered nature of the ground, and to tbe 
irregularity of the replacement of the banded hematite-quartzite. 
The ore is generally porous laminated, and of good quality, but in 
parts is much lateritised. 

39. North-west of Khajurdi. 

At the top of the ridge stretching from north-west of Khajurdi 
towards Balia Pahar (21° 51' : 85° 18') is lateritised hematite. The 
ore in parts is of good quality, but it is mostly of the porous laminated 
shaly-looking type, and is usually much lateritised. The area is 
lai^ely covered with soil and good hematite debris. 

40. Badamgarh Pahar. 

Badamgarh Pahar (21° 49' : 86° 16') is partly in Bonai State and 
partly in Keonjhar State, and it contains a large body of rich ore. 
On ^e south-east, hematite is exposed for about one hundred feet 
down Ihe soarp before it is covered. The ore is somewhat lateritised 
at the suzfiwe and xeplaoement has been irregular along the soaip to 
the nattii-«ast. Some of the ore is of the massive steel-grey type, 
but most of it seems to be of the porous laminated type. 



DBSCRIFtlON OF THE ORE-BODIES. 


29i) 

41. Between Badamgarh Pahar and Balia Pdhar. 

43. Between Balia Pahar and MalangtoU, 

Tlie country botwoon Badsmgarli Pabar and Balia Pahar {21° 
61' : 86“ 18') and between Balia Pahar and MalangtoU (21° 49' : 
86° 19') ia very rough and covered with thick forest. With the old 
nups available, it was impossible to get much of an idea of quantifies 
of ore, but rich hematite, often of the massive steel-grey type occurs 
along the ridge which stretches between the first mentioned two 
hills. Most of the ore is in Bonai State, but some of it is over the 
boundary, and is in Keonjliar State. 

There is a good deal of ore also between Balia Pahar and Malang- 
toU, and the ridge near MalangtoU contains good laminated porous 
hematite. The ridge 1{^ miles east of MalangtoU also contains good 
hematite. 

42. Balia Pahar. 

The BaUa Pahar ridge has a good rich hematite ore-body at the 
top which stretches for about IJ miles, with a variable width, 
averaging say 600 feet. Massive steel-grey hematite occurs, but 
there are also large quantities of the porous laminated type, which 
is often partly lateritiscd. 'The lower slopes of the ridge are banded 
hematite-quartzite. 

44. North of Mitihurda. 

On the ridge running north of Mitihurda (21° 50' ; 86° 20') is 
lateritised hematite with some irregular patches of nnreplaoed 
banded hematite-quartzite, the whole being largely covered with 
lateritio soil and hematite debris. Some rich massive steel-grey 
hematite occurs, but its extent is doubtful. Most of the hematite 
exposed is of the porous laminated shaly-looking t}rpe. 

Kodalia (21° 52' : 85° 20') to the north of Mitihurda is situated 
on a lateritio plain, but the hill to the north-west has a capping of 
good porous hematite, which down the slopes is covered with lateritio 
material and hematite debris. The lower slopes of the hiU are banded 
hematite-quartzite. 
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zm 


Name. 



Latitude. 

Longitude* 

Pages. 




o 


o 

/ 


Bara Parbat 

. 

• 

22 

01 

85 

26 

266,286. 

Barabil 

• 

• 

22 

07 

86 

24 

103, 195, 233, 256, 
283, 290. 

Baraiburu . 



22 

09 

85 

22 

196, 251, 277, 278, 
281. 

Bardi • . • 



21 

53 

85 

18 

268, 260. 

Batgaon 



21 

47 

85 

13 

290. 

Baya Buru (Banjajori) 



22 

12 

85 

22 

261, 276. 

Bhadrasai . 



22 

03 

85 

23 

193, 263, 266, 286, 
288. 

Bhaliathori Pahar 



22 

02 

85 

25 

262, 266, 286. 

Bichakbani Pahar 



21 

52 

85 

09 

260, 292, 294. 

Bilaichopi pass 


1 

22 

09 

85 

20 

278. 

Bilkundi 



22 

08 

85 

24 

191, 266. 291. 

Bitkulsia 



22 

08 

85 

04 

204. 

Bogordui Bum 



22 

17 

85 

17 

260, 268, 269-270. 

Bolani 



22 

06 

85 

20 

233. 

Bonaikera . 



22 

02 

85 

25 

288. 

Bonamuli Buru . 



22 

13 

85 

22 

246,876. 

Bond Buru . 



22 

09 

85 

29 

260, 261, 264. 

Boradha (Burda) . 



21 

53 

85 

24 

264, 268, 283, 289. 

Borita 



22 

04 

85 

27 

263, 288. 

Buda Buru . 

• 

• 

22 

17 

85 

16 

229, 233, 238, 260, 
268. 
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Q&oaiUPHICAL WDSX. 


Name. 

Latitude. 

Longitude. 

Paget}. 




o 

/ 

o 

/ 


Burpoda (Barpoda) 

• 

• 

21 

58 

85 

18 

253, 256,287. 

Burn Siringsia 

• 

• 

22 

19 

85 

41 

181. 

c 








Ghaibassa • • 

• 

• 

22 

33 

85 

48 

176, 184, 187, 188, 
189, 193, 212, 217, 
220. 

Chakradharpur 

m 


22 

40 

85 

38 

177, 185. 

Chalpagara • 

m 


22 

21 

85 

37 

194, 216, 222. 

Champua • • 

• 


22 

04 

85 

40 

173. 

Chariapat Bora • 

• 


22 

08 

85 

28 

250, 261, 265. 

Chatua Buru 

• 


22 

10 

85 

24 

250, 272-273. 

Cheliatoka Bahar • 



21 

44 

85 

09 

259, 295. 

Chendongra . 

• 


21 

43 

85 

06 

185. 

Chhota Nagra 

• 


22 

14 

85 

19 

186. 

China . • • 

• 


22 

18 

85 

17 

209, 268, 

OhurMalda • 

• 


21 

57 

85 

22 

253, 257, 282. 

Churaaai (Ohuiisai) 

• 


21 

50 

85 

24 

255, 258, 282. 

Churdia Lor • 

• 


22 

09 

85 

17 

209, 279. 

D 








Dadan liaikela • 

• 

• 

21 

53 

85 

06 

210, 294. 

Dal Pahar • • 

• 


21 

58 

85 

24 

252, 256, 287, 
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XV 
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latitude. 

Longitude. 

PageR. 





o 

/ 

o 

/ 


Dandrahar Pahar . 

• 

• 

21 

51 

85 

09 

259, 292, 294. 

Daudonga . 

• 

• 


22 

23 

85 

43 

194. 

Deo river 

• 



22 

15 

85 

39 

181, 183. 189, 215. 

Dinakora 




21 

4B 

85 

13 

259, 296. 

Dinda Bum . 




22 

08 

85 

08 

203. 

Diring Bum 




21 

62 

85 

22 

255, 258, 290. 

Dirisium Bum 




22 

12 

85 

16 

238, 239, 250, 271. 

Dokata 




22 

24 

85 

44 

194. 

Duargui Bum 




22 

12 

86 

20 

261, 274-276. 

Nadi 




22 

11 

85 

20 

210. 

Duia . 




22 

19 

85 

22 

233. 

Dulki . 




22 

07 

85 

25 

284. 

Dumria 




22 

12 

85 

47 

215. 

Durbar Bum 




22 

12 

85 

21 

261, 274-276. 

Durga Parbat 




22 

01 

85 

23 

252, 256, 282. 


E 








£ma Pahar . 

• 

• 

• 

21 

56 

85 

11 

293. 


F 








Fulihari 

• 

• 

• 

21 

46 

85 

10 

295-296. 
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OBOOBAPHIOAL INOBX 


Name. 

Latitudew 

Longitude. 

Pages. 


o / 

0 / 


a 




Ganda Mardan (Gandha 

21 37 

85 30 

171, 255, 282. 

Madan). 




Gandi Buru .... 

22 02 

85 15 

280. 

Garahatu Lor 

22 05 

85 16 

208, 279, 

G^ndalpoda 

21 58 

85 17 

256. 

Ghatkuri .... 

22 18 

85 24 

173, 191. 

Ginguda Lor 

22 07 

85 29 

262, 263. 

Godabudini (Gudabudiui) 

21 57 

85 17 

253, 258, 26(». 

Goilkera .... 

22 30 

S5 22 

185. 

Gonua .... 

21 55 

85 22 

' 254, 289. 

Gua ..... 

22 13 

*S5 23 

168, 185, 233, 237, 
240, 245. 274-277. 

Guali 

21 59 

85 17 

193, 253, 254, 257, 
287. 

Gunjaghara .... 

22 01 

85 13 

209. 

Gurda 

21 55 

85 23 

254, 258, 287, 289. 

Gurumaisani 

22 18 

86 18 

168, 228. 

H 




Hatu Gutu .... 

22 09 

85 29 

260, 261, 264. 

Hendikuli .... 

22 12 

85 08 

202. 

Hokolata Buru 

22 11 

85 15 

260, 271. 

Honjurdiri Buru . 

22 13 

85 22 

276. 

Horomoto (Horomutu) . 

22 03 

85 18 

223. 
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Name. 

Latitude. 

Longitude. 

Pages. 

1 

o / 

o 

/ 


Idri Buru .... 

22 lb 

85 

24 

250, 274. 

Iligara 

22 20 

85 

40 

222. 

j 





Jagannathpor 

22 13 

85 

38 

183, 189, 190, 193. 

iTagretu Gara (Kariatuii Gara) 

22 12 

85 

08 

202. 

Jahirpi .... 

22 15 

85 

42 

181. 

Jalamjal Buru 

22 11 

85 

23 

250, 272. 

Jambai «... 

22 07 

85 

13 

209. 

Jamda .... 

22 10 

85 

26 

187, 188, 191, 195, 
240, 272, 281-282. 

Jamdih .... 

21 59 

85 

07 

215. 224. 

Jamshedpur (Sakchi) . 

22 49 

86 

11 

228. 

Jarida Buru 

22 15 

85 

24 

238, 250, 251, 273- 
274. 

Jetia 

22 16 

85 

34 

194. 

Jhargaon .... 

22 03 

85 

23 

191, 252, 256, 284. 

Jhubka .... 

21 50 

85 

13 

259, 296, 297. 

Jiling Pahar (Keonjhar) 

21 58 

85 

26 

252, 256, 282. 

Jiling Buru (Singhbhum) 

21 12 

85 

23 

237, 251, 276. 

Jiripai Bum 

22 09 

85 

20 

251, 277, 278. 

Joda 

22 01 

85 

26 

231, 248, 252, 283, 
284, 285-286. 

Jojohatu .... 

22 31 

85 

38 

178, 217. 
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Latitude. 

Longitude. 

Pages. 



o 

/ 

o 

/ 


Jolohuri 

• • 

21 

68 

86 

26 

263, 267. 

Jopano Bum 

• 

22 

17 

85 

17 

269-270. 

Joribar 

• 

21 

56 

86 

25 

254, 267, 289. 

Jomn* . 

• 

21 

67 

86 

26 

263, 267, 287. 

K 







Kala Parbat 

• 

22 

03 

86 

26 

243, 263, 267, 28& 

Kalimati 

• • 

22 

46 

86 

13 

227. 

Kalmang 

• « 

21 

67 

86 

19 

263,259.287 298 

Kamarjora . 

• 

22 

01 

86 

26 

267. 

Kandadhar Pahar 

• 

21 

47 

86 

07 

259, 295. 

Karanjia 


22 

12 

85 

44 

216. 

Karaspani Pahar • 

• 

21 

67 

86 

12 

293. 

I 

Kariahatu . 

• 

22 

28 

86 

38 

194. 

Kaaijoda 

• 

21 

47 

86 

22 

266. 

Kasira 

• 

21 

60 

85 

15 

259, 297 

Katamati (Kotamati) 

• 

22 

08 

85 

30 

231. 

Katkamua pasB . 

• 

22 

03 

86 

16 

279, 280, 291. 

Kendudi 

• • 

22 

00 

85 

16 

264. 

Keonjhar (Kin) Bnru 

• • 

22 

(H 

86 

10 

202, 279,280,291. 

Keonjhargarh 

• • 

21 

37 

86 

36 

290. 

Khajurdi . « 

• • 

21 

62 

86 

18 

268,298. 
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xa 


Name. 

Latitude. 

Iiongitude. 

Pages. 

Khendra .... 

o / 

22 09 

o / 

85 2f> 

291. 

Khondra Buru 

22 03 

85 02 

205, 2<Mi. 

Kochra .... 

22 16 

85 40 

183. 

Kodalia .... 

21 52 

85 20 

299. 

Kodalibad . • • • 

22 10 

85 14 

203. 

Koira 

21 54 

85 15 

259, 298. 

Kojordi .... 

21 52 

85 18 

200. 

Kondoa .... 

22 24 

85 44 

189. 

Korai 

22 02 

85 12 

209. 

Kotamati Buru 

22 08 

85 30 

238, 239, 248, 260, 

Kotgarh .... 

22 13 

85 32 

251, 261-203, 283 
223. 

Kumritar Pahar . 

21 45 

85 09 

269, 295-290. 

Kundiasai .... 

22 15 

85 40 

222. 

Kundrupani 

21 58 

85 22 

26.3, 257, 282, 287. 

Kunduruburw 

21 58 

85 08 

224. 

Kunipos (Konupus) 

21 54 

85 25 

2.54, 257. 258. 

Kiirband . . . . 

21 57 

85 24 

252, 253. 256, 257, 

Kurhadi nodi 

21 53 

86 06 

282, 283. 287. 

210, 292. 



22 08 

86 30 

2(a 

L 

Lagirda Buru 

22 08 

86 09 

205. 2.50, 261, 261, 



264, 266, 283. 
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Latitude. 

Longitude. 

Pages. 


o / 

o / 


Laidapoda .... 

21 S9 

86 20 

264. 

Landrup Bum 

22 1« 

85 24 

274. 

Landub Buru 

22 08 

86 27 

282. 

Langalota Pahar . 

21 67 

85 26 

263, 256 

Lasara Gara 

22 06 

85 15 

202, 208, 280. 

Leda Bum .... 

22 18 

86 17 

269-270. 

lapuabassa .... 

22 27 

86 46 

190. 

Idpunga .... 

22 15 

86 26 

272. 

Loiaboga (Loiboga) 

21 50 

85 24 

255, 258, 282. 

Lokesai .... 

22 13 

85 35 

222. 

Luai 

21 47 

85 11 

259, 296 

Lutu Bum (Notu Bum) 

22 19 

85 23 

170, 227, 229, 250, 
267-268. 

M 




Maghahatu Gara . 

22 06 

85 16 

261, 279, 280. 

MahaBum .... 

22 09 

85 28 

260, 261, 266. 

Maha Parbat 

21 52 

85 26 

254, 268, 282, 289. 

Mahatra (hill 2,018 feet) 

22 01 

86 07 

224. 

Malangtoli • . « . 

21 49 

85 19 

258, 259, 260, 299. 

Manharpor (Manoharpur) 

22 22 

85 12 

168, 185, 186, 229. 

Mankamacha Peak 

21 48 

85 14 

255, 259, 290, 298. 







QSOGRAt^filCAt tKt>EX. 


Axi 


Name. 

Latitude. 

Longitude. 

Pageh 

Ifamog Buru 

o / 

22 08 

o » 

85 10 

205. 

Harang Ponga 

22 14 

85 14 

186, 260, 270. 

MiUhiirda .... 

21 50 

85 20 

254» 255, 258, 280, 

Mangra (Mangra) 

22 15 

85 39 

290, 299. 

181, 183, 189, 215. 

Hurda .... 

22 20 

85 44 

182. 

Murgabeia . • • j 

22 07 

85 28 

266. 

j 

N 




Naogalkata .... 

22 05 

85 05 

219. 

Nawagaon (Naogaon) 

22 03 

85 14 

201,209. 

Noamundi .... 


85 14 

85 28 

298. 

168, 231. 232, 233, 

Nota Bora (Lutu Buru) 

u 

85 23 

235, 236, 237, 240, 
241, 243, 247, 255, 
261265. 

170, 227. 229, 250, 

Nurda .... 

22 20 

85 44 

267-268. 

181, 2ia 

P 




Paohri Bum 

22 08 

85 29 

237, 238, 239, 248, 

Padhrlpl Bani 

22 09 

85 21 

250,251,261, 262, 
263. 

278. 

Pahaido Pahar 

21 47 

85 12 

296. 

Paisa 

21 55 

85 25 

254, 257, 289. 


M 







MOOItAPBX€Ai IVDBt. 




Name. 

lAtitnd*. 

l4)iigitiide» 

Pages. 





O 

/ 

0 



JPaapoah 


• 


la 

06 

86 

20 

292. 

PansixaBiini 


• 

• 

22 

18 

86 

22 

170, 229, 233, §88, 
240,246,260, 267- 
268. 

Paoa* . 


• 

• 

22 

17 

86 

36 

194. 

Patahatu 



• 

22 

13 

86 

41 

181. 

Patripoa Pahar 




21 

48 

86 

13 

296. 

Patmig (Pataog) 




22 

28 

86 

24 

191. 

Paoinpi 


• 

• 

22 

17 

86 

39 

193. 

Ptehabatn • 


• 

• 

22 

16 

86 

22 

272. 

Pipokri 


• 

• 

21 

60 

86 

22 

268. 

Pong* (Hsrang Pong*) 

• 


22 

14 

86 

14 

186, 260, 270. 

PnnwiMii . 

• 

• 


22 

01 

86 

06 

224. 

R 









Baijori Burn (One-Tree Hill) 


22 

14 

86 

22 

246,276. 

Baikel* 

• 



21 

53 

86 

12 

268,297. 

Rai-kioliri Lor 

• 



22 

12 

86 

20 

238,276. 

Btttov* 

• 



22 

04 

86 

26 

263,267,288. 

Batai* 

• 



21 

47 

86 

12 

260,206. 

BaJftBora . 

• 



22 

14 

86 

23 

27& 

BangkPafk** 

• 

• 


21 

60 

86 

22 

261^ 268, 29a 
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xxm 


Name. 

Latitade. 

LongitudOft 





o 

/ 

o 

/ 


Raagra 

• 

• • 

22 

03 

85 

09 

179, 217, 219, 220ft 

Ratamati 

• 

• * 

22 

09 

85 

09 

206. 

Ratandii Bum 

ft 

• • 

22 

11 

85 

27 

281. 

Rengarbera . 

• 

• • 

21 

58 

85 

16 

259, 207. 

Relhatu 

• 

« e 

22 

05 

85 

04 

206. 

Riari Buru . 

• 

• • 

22 

11 

85 

27 

282. 

Riohi Bura . 

• 

• • 

22 

16 

85 

24 

274. 

Roida . 

• 

ft ft 

22 

01 

85 

23 

284. 

Rontha 

• 


21 

46 

85 

08 

240, 259, 295, 296. 

Roro Gara • 

• 

« ft 

22 

28 

85 

40 

194. 

s 








Sagasa 

• 

ft ft 

1 21 

67 

85 

17 

287. 

Sakohi (Januhedpar) 

ft ft 

22 

49 

86 

11 

228. 

Salai . 

• 

• ft 

22 

20 

85 

20 

267. 

Salkia Lor . 

• 

ft ft 

22 

08 

85 

29 

264, 265. 

Samlaibar Pahar 

• 

ft ft 

21 

54 

85 

09 

259, 292. 

Sangramsai • 

• 

ft ft 

22 

10 

85 

30 

262. 

Saeangda (old) 

• 

ft ft 

22 

07 

85 

18 

173, 238, 248, 251, 








255ft 278^260, 291- 
292. 

Satktttnia Pahar 

• 

ft ft 

21 

56 

85 

22 

253, 264, 256, 257, 








287. 

SendaBom • 

a 

ft ft 

22 

09 

85 

27 

282. 


ir 
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N«ma 

Latitude. 

Longitade. 

Pages. 





o 

/ 

o 

/ 


Sidhamat Parbat 

• 



22 

00 

85 

22 

262. 208, 256, 267, 









282,284. 

Silpoi . 

• 



22 

12 

85 

26 

281. 

Simjang 

• 



22 

26 

85 

45 

179g 188, 190, 218, 









214. 

Singabera • 

a 

• 

• 

22 

11 

85 

39 

214. 

Siringsia 

• 

• 

• 

22 

22 

85 

43 

180. 

SitaJadi Bum 

• 

• 

• 

22 

08 

85 

20 

279, 281. 

8o8opi 

• 

a 


22 

22 

85 

44 

190. 

Sniamba 

« 

• 

• 

23 

02 

85 

09 

182. 

Sondra 

• 

• 

a 

22 

06 

85 

23 

291. 

Suijat Parbat 

• 

• 

a 

22 

01 

85 

25 

266,284. 

T 









Tatiba 

• 

• 


22 

08 

85 

22 

261, 277, 280-281, 









292. 

Tessa . 


• 


21 

52 

85 

10 

294. 

Thaknrasi Bsra 


• 


22 

06 

85 

26 

262, 266, 283-284. 

Tbolkabad . 

• 

• 

a 

22 

08 

85 

11 

201, 203, 209. 

Tirilpoei 

• 

• 

a 

22 

09 

85 

06 

203.204, 206. 

Tiling Pahar 

• 

• 

a 

21 

57 

85 

28 

263, 267. 

TontaQam . 

• 

• 

a 

22 

10 

85 

19 

208. 

Tonto . 

a 

a 

# 

22 

28 

85 

87 

218. 

Tnmka Pillar 

V 

• 

a 

21 

48 

85 

18 

297. 
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Longitude. 

Pages. 

U 

Uliburu .... 

O f 

22 08 

o ^ 

85 23 

152. 

Ungarpora Pahar . 

21 53 

86 11 

250, 207, 

Uskida Lor • • . « 

22 08 

85 21 

281. 

Uskmogwa Lor • 

22 08 

86 21 j 

281. 
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IRON-ORE SERIES (I) OVERLYING OLDER DHARWARS (D) AND GRANITIC ROCK (G), DEO RIVER, NEAR MUNGRA. 



Memoirs, Vol. LXIII, PI. 14. 



H. C. Jones, Photo. G. S. I . , Calcutta, 

WISPS OF OLDER DHARWAR QUARTZITE (D) CAUGHT UP BY GRANITIC ROCK (G), DEO RIVER, NEAR MUNGRA. 





^ C. JoneSt Photo G S. I. ^ Calcutta. 

NEARLY HORIZONTAL CONGLOMERATE (I), IRON-ORE SERIES, OVERLYING STEEPLY INCLINED OLDER DHARWAR 

SCHISTS (D), DEO RIVER, NEAR MUNGRA 




GI OLOG/CAL SL hi I } Oh JAUJA 



U C JoneSt Photo G S. I* ^ Calcutta 

CONTACT (C) OF PURPLE SANDSTONE (S) AND GRANITIC ROCK (G) NEAR 8IMJANG, SOUTH-WEST OF CHAIBASSA. 




GJiOLOGlCAL SUJtVEY OF INDIA. 


Memoirs, Vol. LXIIl, PI. 17. 



FIG. 1. SILICEOUS LIMESTONE WITH QUARTZ VEINS, KARO RIVER, NEAR PATUN6 



H. C. /onet. Photon. G. S /., Calcutta 

FIG 2. FOLDING AND FAULTING WITH FAULT BRECCIA IN BANDED HEMATITE- 
QUARTZITE, KURHADI NAD/, DADAN RAIKELA. 






FOLDING IN BANDED HEMATITE-QUARTZITE, SAMAJ NADI, NEAR TODA. 



Memoiis, Vol LXIII, PI. 19. 



FOLD IN PART OF BEDS OF BANDED HEMATITE-QUARTZITE, KURHADI NADI, DADAN RAIKELA. 





H. C. Jones, Photos. Calctitta. 

FIG. 2. THRUST FAULT AND FOLDING IN BANDED HEMATITE-QUARTZITE, 
TRENCH ON BANOMULI BURU, GUA. 




GEOLOGICAL SUEVEV OF INDIA. 




II C. /oiit^. Photon G S /,, CaUuila 

FIG 2. VOLCANIC BOMBS IN ASH BED, KURHADI HAD\, DADAN RAIKELA 



GEOLOGICAL SUEVEY OE JNEJ A. 


Memoirs, Vol LXIII, PI 22 



)/. S Ki t ^huan, Photo G, S / , C aUutta 

FIQ 2 WATERFALL IN ILA GARA, NORTH OF HAT GAMERIA 




(,/OLOO/CAJ SLA in 0/ IMUA 
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The Stratigraphy of South Singhbhum. By J. A. Dunn, 
D.Sc., F.G.S., F.N.I., Superintending Geolo- 

gist, Geological Survey of India. (With Plates 33-37.) 

I. INTRODUCTION. 

The nature of the problem. 

Two Mmioirs on the stratigraphy of Singhbhum have appeared 
in recent years, one dealing ydth North Singhbhum,^ and the other 
with South Singhbhum.* A third, dealing with East Smghbhum, 
has been in course of preparation for 5 years, but has been delayed 
largely because of the difficulties in correlating the rocks of East 
Singhbhum with those of South Smghbhum. In a Memoir on 
the economic geology of East Singhbhum* the stratigraphy of that 
region, based on views to date, was summarised. Close personal 
acquaintance with the whole of North and East Singhbhum led me 
to recognise a fairly well-defined succession there, a succession to 
which I could see little alternative. It appeared to me that a 
more critical examination of the facts in South Singhbhum might 
be helpful. This is an area with which, apart from two seasons 
at the commencement of my service in India and occasional visits 
to iion-ore mines, I had not such a complete acquaintance. Ac- 
cordingly, the map and sections which accompany Jones’s Memoir 
on South Singhbhum, were critically reviewed and the facts which 
emerged, as well as certain outcrops which were seen during a brief 
visit to Qua, indicated that something had been overlooked in the 
early mapping. 

^ J. A. Dann, Jfem. <?eal. a%rv. Jnd, LTV. (1929). 

• H. 0. Jonee, Mem, QeU, Sure, Ind, LXIIl (2), (1934). 

* A. Danila Mem. OeU, Surv. Ind, LXIX (1), (1937). 

( 803 ) 
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The succesBion of sedimentary rooks established by H. C. Jones 
was as follows : — 

Upper shales, lavas and ash beds 
Sanded-hematite-qoartzites . . ( 

Lower shales with sandstones . ^Iron-ore Series (Newer 

Limestone j Dharwar). 

Purple sandstone and conglomerate J 

Older Metamorphic Series . (Older Dharwar). 

This succession was founded on a section along the Deo mit 
near Mungra (22° 15', 85° 39'), where the basal conglomerate, con- 
taining pebbles of banded-hematite-quartzite, jasper and quartz, was 
seen to zest on the upturned edges of the granitic Older Metamor- 
phic rocks, which here consist of banded-hematite-quartzite, jasper, 
hematite-schists and hornblende-schists, with quartz veins. Accord- 
ing to Jones there followed, west from this conglomerate, a complete 
sequence right up to the banded-hematitc-quartzite of the Iron-ore 
Series. This at once indicated that banded-hematite-quartzites 
occurred in both Series, a view to which there could be no legitimate 
objection. Jones had also recognised the existence of other con- 
glomerates, which he regarded as intraformational in the upper part 
of the Iron-ore Series. 

Examination of the map indicated the curious anomaly that, to the 
south, the great thickness of loner shales suddenly disappeared 
at the iron-ore deposits near Noamundi, and the banded-hematite- 
quartzite there res^ directly on a dolerite “ sill ” and apparently, 
in places, on the basal conglomerate. To explain this in his section, 
Jones postulated a great fault up which the dolerite came. But 
examination of the edge of the banded-hematite-quartzite, as map- 
ped, made such a simple fault hj^thesis unlikely. 

Further, Jones indicates in his sections that several of the iron-ore 
deposits represented caps of anticlines peeping above the upper shales, 
but some of these upper shales of the sections are actually along 
the strike-continuation of lower shales on the map. Some of the 
anomalies could bo explained by overfolding — which is prevalent 
throui^out the area — ^but so many anomalies accumulated that the 
sections postulated became obviously unlikely. 

Perhaps the most remarkable anomaly in Jones’s sections con- 
cerns the phyUites on either side of the Iron-ore Range. Those on 
the east side he refers to, in the text, as the lower shales, whereas 
in the sections he shows them as upper shales. The phyUites, 
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Iftvae and ash beds on the west side of the Range are described in 
the text as being higher in the sequence than the banded-hematite- 
quartzite, yet the sections show them as lower. 

Percival^ and Spencer* had criticised Jones’s interpretation of 
the ** intraformational conglomerates ” and had referred to obvious 
unconformities. Percival had also suggested that all of these 
conglomerates, including the one at the Deo nodi, might be of the 
same horizon. Unfortunately no map was produced to support 
this suggestion. Perhaps, also, Percival clouded the issue by in- 
directly expressing uncertainty whether the Deo nodi conglomerate 
was of the same horizon as the basal purple sandstone which occurred 
along the base of the shales and limestone to the north, near Kondoa. 
Indeed, Percival remarked that he had not seen any other rock 
overlying the conglomerate of Deo nodi yet shales and limestone 
can easily be seen there.* As these were facts which were entirely 
certain, Avithout equivocation, to those of us who had followed and 
mapped this base, Percival’s view was not imni.ediately investigated. 
The account which follows removes all of Percival’s diflBiculties, 
for the shales and limestones overlying the conglomerates are grouped 
with the latter as a distinct series, younger than the Iron-ore Series*. 

During a visit to Qua iron-ore mine I noticed a conglomerate 
resting with profound unconformity on rocks which were very 
similar to some of the “ Older Metamorphic ” rocks, and these 
conglomerates were right in the middle of the Iron-ore Series tract. 
More conglomerates were examined in a few other places and the 
view gradually formed that either Older Metamorphic rocks cropped 
up here and there in the Iron-ore Series area, or else the banded- 
hematite-quartzite, iron-ores and cherts of the Iron-ore Series were 
the same as the similar rocks in the so-called Older Metamorphic 
Series The latter view was favoured and noted in the Annual 
Report for 1937,* as it appeared to fit the succession known in 
East Singhbhum. 

^ F. G. Percival, “ The iron-ores of Noamundl Trans. Min, Oeol. Inst, Itulin. 
26 (8), 262-261, (1931). 

* E. Spencer, Trans, Min, Oeol. Jnst, India, 26 (i), 322-323, (1932). 

* F. G. Percival, loc, cit., p. 260. 

* This memoir was completed in March 1939. Since then Percival and Spencer have 
contributed a further paper on this area, “ C^onglomerates and lavas in the Smghbhum- 
Orissa Iron-ore Series ", Trans. Min. Oeol, Met, Inst. India, 36 (4), pp. 341-363, (1940)« 
It appeared too late for any comment to be made here, but it may be sa4d that 
the evidenoe supplied in thist memoir provides the foil answer to the points oo 
which we differ. 

* Bsoords Oeol. 8urv. India, 73 (1), p. 27, (1938). 



806 


DUNN: STRATIUS&PHT OF SOUTH SINOHBHUIC. 


Aoooidingly, in December 1938, and Janouy 1939, tbe basal 
conglomerate was followed south from Chaibasa to Noamundi, 
correcting the earlier mapping where necessary. Jones had mapped 
this conglomerate up to the east side of the Noamundi mine ridge, 
but on his map it was shown to suddenly stop at this point. Ac- 
tually the conglomerate can be followed without the slightest diffi- 
culty for another three miles west, where it swings sharply north, 
and was carefully mapped for a further five miles to the northern 
edge of sheet 73 F/8. Time did not permit of a continuation of the 
mapping, but at its northernmost point the sandstone wm still 
well-defined. Its survey will be continued in the near future. 

Nortib of Noamundi mine the conglomerate strikes due west, 
at right angles to the north-south and N.W.-S.E. strike of the 
banded-hematite-quartzite to the south. The banded-hematite- 
quartzite dips westward at a steep angle ; the overl 3 nng conglo- 
merate dips gently north, at an angle up to 10°, dipping conform- 
ably beneath a group of flat-lying shales. This is the decisive 
section, and it is regrettable that a day’s mapping had not been 
done on the conglomerate hero years ago. 

Section after section was examined, each showing the unconfor- 
mity at the base of this conglomerate. I do not think that I 
have seen, in any country, such a remarkably clear series of sections 
exposing so beautifully such an unconformity. These sections leave 
no alternative interpretation. 

Proceeding from Chaibasa to the south-west, the conglomerate 
rests unconformably in turn on granite, granite and hybridised 
schists, lava and tufEs hematitisod below the unconformity, banded- 
hematite-quartzite and finally phyllites. Once the conglomerate 
overiaps on to the phyllites it becomes more and more acutely 
folded and its contortions increasingly difficult to follow. 

These facts, tiien, indicated that the “basal oongtemerate” is 
not tiie base of the series which contains the banded-hematite- 
qnartzites, the main country-rock of the iron-ores, but is the base 
of a much younger qrstem. Difficulties of nomenclature then 
arose— for which group were we to retain the name “ Iron-ore 
Series “ ? It was obvioutiy desirable to keep this name for the 
group containing the main iron-ore depotits. The youngex group 
STBS designated the Kolhan Senes, as it is so deady devekqped in 
that part of Sinj^ihhum known as the Kolban. 
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I have remarked that the Kolhan Series rests unconformably 
on the Singhbhum granite. Evidence had been given by Jones 
that the Singhbhum granite was intrusive into the basal sandstone- 
conglomerate. Although the granite had thoroughly impregnated 
and hybridised the schists in such places as the Deo imdi section 
(»ee Plates 13, 14, 16, Mem. LXIIl (2) ), and had not penetrated 
the conglomerate there, Jones still regarded the granite as yoimger 
than the conglomerate. This explanation could scarcely be valid 
for such a constant relation, and I had in recent years concluded 
that there must be two granites — ^a pre-conglomerate granite which 
had hybridised the schists, and a later granite which had intruded 
the conglomerate and overlying shales. The localities quoted in 
Jones’s memoir as showing intrusion of the conglomerate were 
recently re-visited, and the evidence was found to be either un- 
satisfactory or had been previously incorrectly interpreted. The 
contact between granite and the Kolhan basal bed was critically 
examined at innumerable places, and nowhere could any evidence 
of an intrusive relation be established. The unconformity is clearly 
marked in many places, truncating granite, schist inclusions and 
hybrids with granite veins, and even the old pebbly surface is often 
visible. The granite is, however, intrusive into the Iron-ore Series. 

The term Older Metamorphic Series (or Older Dharwars of Jones) 
had been applied to certain banded jaspers, and hornblende-schists, 
on which the “ purple sandstone ” rests north of Jagannathpur. 
The possibility of the existence of an older metamorphic series 
elsewhere still remains, but, as will be seen later, these metamorphic 
rocks in South Singhbhum are believed to be metamorphosed Iron- 
ore Series rocks. 

We may now compare the old and new interpretation of the two 
series in South Singhbhum, leavii^ the sequence in the revised Iron- 
ore Series to be discussed later : — 


Janet. 


Dunn. 


Ircm-ore Series (Newer 
Dhsrwar). 


{ Upper shales, lavas and 
a^ beds. 

Banded-hematite-quart- 

site. 

Lower shales. 
Limestone. 

Purple sandstone-con- 
gfomeiate. 


Kolhan shales. 

KoUian limestone. 

Kolhan saudstone-eoiiglomoratc. 
(unconformity) 

Iron-ore Scries. — Phyllites, banded- 
hematito-quartzite, tuffs, cherts, 
and lavas. 


(unooiifoniil^) 

Okler Metamorphio Series (Older DJurwac). 
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In a few plsoea tiie remnants of a much later sedimentary took 
have been preserved. This is a very distinctive friable grit con- 
sisting of sharply angular quartz grains in a limonitio matrix, and 
rests on top of any of the earlier rocks. It may even be Tertiary 
in age. 

We may now complete the sequence in South Singhbhuni by 
the addition of the Singhbhum granite and the Newer Dolerite : — 

? Tertiary grit. 

Newer Dolerite (see page 363). 

Eolhan Series. 

(unconformity). 

Singhbhum granite. 

Iron-orc Series. 

Within this sequence there were at least two great periods of 
earth-movement. The first of these gave rise to the folding and 
partial metamorphism of the Iron-orc Series, a metamorphism 
which was increased later wherever it was closely intruded by the 
Singhbhum granite. A further period of folding followed the de- 
position of the Eolhan Series on the denuded older rocks. Where 
the basement was granite this rock resisted the post-EoIhan fold 
movements, so that there the Eolhan beds were little folded (except 
in the vicinity of normal faulting as to the north of Hat Gamaria). 
But where the basement of the Eolhan Series was Iron-ore Series 
phyllites, the latter pelded readily to the later fold movements 
and the overlying Eolhan rocks were in places closely folded. These 
fold-movements followed and accentuated the trend lines of the 
older post-iron-ore Series movements, so that the Eolhan rocks, 
where closely folded, tend to strike parallel with the Iron-ore Series 
rocks. 


Correlation. 

The question of the position which the Eolhan Series occupies 
in the Pre-Cambrian of the Indian Peninsula must be left in a^y- 
ance. Surmises as to correlation with the Guddapahs are not only 
idle but, in the present state of our knowledge of Pre-Oambiian 
and Archean rocks in the Peninsula, may be harmful. Such 
surmises overlook the growing probability that the original ewiAT^ tial 
division of these ancient rocks into Aicheaus, Cuddapahs and 
Vindhyans, is far from being the whole story. The ai gmwBnt a 



iKTEObUCTlOl?. 


300 


npon wUch our very definitions of the Aiclieans are based form a 
vicious circle. Within the Archeans themselves, or rathei those 
rocks which we have accepted as Archean, there are unconformities 
of quite a profound nature, and certainly overlaps. 

It is also for this reason that I have finally rejected the use of 
the general term Dharwa/r for the Archean schists of the Peninsula. 
It infers unwarranted correlations with the little-known rocks of 
the Dharwar type area. The geology of Rajputana, Central Pro- 
vinces and Chota Nagpur is known in far greater detail than is 
that of Dharwar, and in some of these areas we know that we are 
dealing with several systems of schists of which any one system 
may or may not be the equivalent of the Dharwars. It is preferable 
that we should still retain our local names, restricting the term 
Dharuars to the schists of South India, and, if a general term is 
at times required to include these several systems, Archean remains 
entirely suitable. In view of our uncertainty of definition of the 
term Archean or of the Ej)archean nnemiforfuity, 1 am tempted to 
go even further and suggest that the one term Pre-Catnbrian be 
used in India as the general terra for all systems downwards from 
the Vindhyan inclusive. The old term Pitrana in any case need 
not be retained, there is no longer any necessity for it. 


The map. 

Although the base of the Kolhan Series Jias been resurveyed 
southwards from Chaibasa (at latitude 22° 33'), only a part of the 
resurve)^ south of latitude 22° 16', is reproduced in the accompany- 
ing map, Plate 33. This is the essential portion illustrating the uncon- 
fonnable relation of the Kolhan Series to the Iron-ore Series. The 
eastern rim of the banded-hematite-quartzite, many miles to the 
south, was also re-mapped to show more correctly the true relation 
between Kolhan sandstone, lava, banded-hematite-quartzite and phyl- 
lite, but, in order to reduce the published map to a reasonable 
size, these further alterations in Jones’s map could not be included. 
In reading this paper reference should be made to Jones’s map 
for places outside of the smaller map reproduced herewitli. 

The accompanying map, reduced from the scale of one inch 
to half inch to the mile, is based partly on the recent survey and 
partly on the older map accompanying Jones’s memoir. The 
delineation of the boundary of the Kolhan Series from the Deo 
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nodi westward is entirely of the reoent survey. For the Iron-ore 
Series I have taken the older map (which was based on the work 
of the following officers : — Jones, Dunn, Hobson and Krishnan), 
but have made many corrections, particularly between Jamda and 
Gua. Part of the area, which I have not recently re-visited, has 
been taken from the early map in order to show the trend of the 
Iron-ore Series in the vicinity of the Kolhan Series. The change 
in the boundary of the lava south of Dangoaposi is made on the 
basis of new evidence ; I was personally responsible in 1922 for 
the delineation of this boundary on the old map and ofEer longer 
experience as an execuse for my change of opinion. 

The revised maps, outside of the area shown on Plate 33, can be 
consulted at the office of the Geological Survey of India, by those 
who may be interested in the geology of this region. 

Foreword to descriptions of the rock series. 

As the main object of this paper is to describe the new Kolhan 
Series, it would have been preferable, perhaps, to describe that 
series first in the following pages. However, I prefer to adhere 
to the logical method of describing in succession each group in the 
stratigraphic sequence from the oldest to the youngest — section III, 
dealing with the Kolhan Series, is the most important. The other 
sections have been written in order to fill some of the gaps left 
by Jones’s memoir. 
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II. THE IRON-ORE SERIES. 

Structure and sequence. 

It will be appreciated that in view of the new groupiog of a 
large part of Jones’s Iron-ore Series with the Kolhan Series, the 
stratigraphical sequence previously accepted within the Iron-ore 
Series now collapses. It is necessary, therefore, to try to re-erect 
the sequence table within the Iron-ore Series in terms of the new 
facts which have emerged. It may be said at once, that, within 
the area surveyed in South Singhhhum and the adjoining part of 
Keonjhar, no certain sequence has been established. Possibly, 
further work to the south, in Keonjhar, will eliminate in the near 
future the doubtful points in one or other of the alternative sequences 
deduced herein. It must be emphasised, however, that this in- 
ability to determine the correct sequence within the Iron-ore Series 
is entirely independent of the thoroughly established unconformity 
between the Iron-ore Series and the Kolhan Series. 

From Jones’s map it will be seen that the main outcrops of 
banded-hematite-quartzite form an elongated horseshoe, open to the 
north and closed to the south in Bonai and Keonjhar. The western 
rim of this horseshoe is the Iron-ore Range, the backbone of which 
is a more or less straight and continuous zone of banded-hematite* 
quartzite. The eastern rim is, at its northern end at Noamundi 
mine, some eight miles from the Iron-ore Range, and in contrast 
to the western rim is represented by outcrops of banded-hematite- 
quartzite of very varying widths. Smaller outcrops of banded- 
hematite-quartzite occur within the area enclosed by the horseshoe ; 
this area consists largely of phyllites with tuffs, lavas and some 
cherts, and, in addition, occasional outliers of Kolhan rocks. On 
the western side of the horseshoe there is a wide area of lavas between 
which and the banded-hematite-quartzite there is a zone of phyllites 
increasing in width to the north. On the eastern side of the horse- 
shoe there is again a wide area of lavas, vith occasionally a thin 
zone of phyllites intervening between them and the banded-hematite- 
quartzite. Recent work by Mr. B. C. Gupta has indicated tliat 
further south these lavas to the east continue around the horseshoe 
and, although the mapping is not yet complete, they obviously 
join with the lavas on the western side of the horseshoe. 

Dips are generally persistently to the north-west, which is the 
prevailing direction of overfolding in the area. Sometimes, as in 
the quarry faces on the ridge at Gua, acu<e recumbent folds may be 
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seen to lie horizontally upon eaoh other, the overfolding always 
being horn north-west to sonth-east. 

It has not yet been determined whether this horseshoe represents 
a geosyncline pitching to the north and overfolded alimg its western 
limb, or whether it is a geoantioline pitching to the sonth and om- 
folded along its eastern limb. The geoeral sequence within the 
Iron-ore Series in Sonth Singhbhmn will depend upon the inter- 
pretation of this structure : if it is a geosynoline the sequence <m the 
eastern rim will be normal, and if a geoantioline the sequence tiiere is 
inverted. 

'Whichever may be the correct structure the mapping illustrates 
one essential relationship : either the lava overlaps the banded- 
hematite-quartzite or the banded-hematite-quartzite overiaps the 
lava, depending upon which is higher in the sequence. Neverthe- 
less, both have been subjected to the same fold movements, and their 
boundary north of Noamundi mine is crossed almost at right 
angles by the unconformity below the much later Kolhan Series. 
Compared with this latter unconformity, the overlap between the 
lavas and banded-hematite-quartzite is slight, and the lavas, phyl- 
lites and banded-hematite-quartzites are all closely related to each 
other, sufficiently so for the lavas to be grouped as part of the Iron- 
ore Series here. 

Texstnining the rock relations along the eastern rim of the horse- 
shoe, at Noamundi, three possible sections may be drawn across the 
mine ridge : (a), (6) and (c) of hg. 1. 

Consider, first, section (a), in which the lava is shown as being 
younger than the banded-hematite-quartzite and the thin zone of phyl- 
litic tuffii (“ Hohudi shale " of Percival), resting on their tilted and 
denuded edges. In the railway cutting at Sangramsai (22° 10' ; 85° 30') 
tiie lava and interbedded tufis, with also an interbedded conf^om- 
erate ( not to be confused with the Eolhan conglomerate ), 
dip at 30° to the west, apparently below the eastern side of 
the “ Hohudi shales ” and banded-hematite-quartzites. Wherever 
any relation can be seen along the western edge of this lava, it shows 
this parallel relation to the “ Hohudi shales ** and overlying banded- 
hematite-qnartrite. Section (a) cannot be accepted. 

Between sections (6) and (c) there is no certainty of choice as 
overfolding is prevalent in the area. 'Whatever evidence there is 
available, appears to be weakly in favour of the lava being stzati- 
graidkically below tine banded-hematite-quartzite. Near the westem 
end of tiie railway outtjng <bi the east i!^ the stream, and soutit 
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axe in contact nrith the banded-hematite-qnartcite, but tzaoing them 
around the northern end to the eastern side of the ridge the dips 
gradually flatten until they arc lees than 10® westward, fig. 2. If 
the sequence is not normal here, but inverted, then the overfolding 
is recumbent. Further east we find that, wherever visible, the 
interflow surfaces in the lavs are gently tmdulating. 



Fro. 2.— fieetton mtom bmOi and ot Nounnadi tidga. 


The evidence is not conclusive, but along this eastern tun it 
suggests that the sequence is: — 

Bsnded-hemstite-quartzite. 

Phyllites (tuffs), impersistent. 

Lavas. 

I have not examined the rocks along the western rim of the 
horseshoe, that is, along the western mde of the Iron-ore Range, 
but Jones shows all the dips as westerly with a zone of phyllites, 
intervening between the lava and banded-hematite-qnartzites, rapid- 
ly increasing in thickness northwards. Providing the banded-hema- 
tite-quartzite of the Range is not in the form of a narrow elongated 
syncline, then the apparent sequence would be : — 

Lava. 

Phyllite. 

Banded-hematite-quartzite. 

Within the central area enclosed by the horseshoe there are 
large areas of lava and banded-hematite-quartzite, as, for example, 
to the west and south-west of BarabU. The relation of these is 
similar to that between the lavas and banded-hematite-quartzites 
aroimd the rim of the horseshoe, suggesting that the main group 
of lavas forms a single stage either above or below the banded- 
hematite-quartzites. This does not deny the probability, however, 
that additional impezsistent lavas ate interbedded with the phyllites. 

Most of the central area within the horseshoe appears to be 
occupied by phyllites. Jones’s map, however, gives an erroneous 
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impressioii of the extent of these phyllites between Noamundi and 
the Iron-ore Kange, as by far the greater part of the area coloured 
as phyllite is thickly covered with alluvium, hill- wash or laterite. 
I have only examined in detail a small part of the less covered 
area, between Noamundi and Gua, and it will be observed from the 
acoompanjring map that there are quite extensive outcrops of altered 
lava which were not mapped by Jones, and many of the phyllites 
are really tufis. 

-I must also refer to the possibility that Kolhan shales (which, 
even in the main basin, are often phyllites) are widely prevalent 
between Noamundi and the Iron-ore Range. We know that they 
do occur at Gua and also near Jamda station. In each e^ise I have 
been forced to h 3 rpothesise a fault on one side of this Kolhan phyllite. 
That such faulting does exist is (*.ertain, but that I have placed the 
faults in the correct positions is far from certain. For example, 
I have presumed an overihrust fault on the western side of Jhiling 
Bum, cutting off the north-west dipping conglomerate there. This 
thrust fault is presumed to occur along the limb of a large fold 
between Raijori Bum ridge and Ranjajori Bum. There remains 
the possibility that the thrust fault is further west, at the base 
of the banded-hematite-quartsite, in which case all the phyllites 
on the eastern side of the ridge would be Kolhan. But, for stme- 
tural reasons based on following these phyllites along the range, 
1 do not think that this is probable, as the whole story of the rela- 
tion between the Kolhan Series and the banded-hematite-quartzite 
would break down, and the certainty of the type sections of the un- 
conformity at the base of the Kolhan must always be kept in mind. 
However, the point I would emphasise is that faulted areas of 
Kolhan phyllites, indistinguishable from Irou-ore phyllites, are prob- 
ably more prevalent than the maps indicate. 

Notwithstanding these new facts it is true that Iron-ore Series 
phyllites are extensive in area and in thickness between Noamuudi 
and the lion-on^ Range. \\e miist consider the stratigraphical 
position of these phyllites of the c^entral area. The paucity of 
phyllites on the eastern side of the banded-heinatite-quartzitc ex- 
tending south from Noamundi — and few of these are tme phyllites 
—“is in remarkable contrast to the very widespread phyllite^ in tlje 
centre of the horseshoe. This at once would suggest iliat the 
phyllites on either side of the bauded-hematiio-qiiartaite of the cast 
run belong to entirely different zones. 

B 
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Sedum ^a). Lower lava, 2--Lower pki^UUtmd S^Banded^kmatiU-pwiaUe, 

4--Vpptr phyUiU and tuff, S — Upper lam. 8me» cmUiere, 


SeeUon (b), 1---Lttva. 2---PhyUUe and tuff, B-^Banded-hematUa^q;uairlade, 
4-^pper phyUite and tuff. S — TCcikan Series. 


Sedion (c). 2 — Lower pkyUik, 2 — Banded-heneatUe-quartsik. 3 ’-Upper phymU. 
i-^Lava and tuff. 6 — Kolkan Series. 


5 #? 
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(e) 

BmUtm («). l—Lomr phyllUe. t-Banded-hemaiUe-ouarttiU. 3—Opptr pMUU. 
4 — Laea and 9 — KMan Seriet. 


/ 



8§eium 


(/) 


(/). l—Lava. i’^PhpOUe and hijf, 3---Bandei*hmaiiU-qmriMiiea 
^ KMtm S^riUn 



{ 3 ) 

BucHum iff), 1 — PMUU. 2 — Banded‘hefnatU^>q^*irUUe. 3 — Ljvj and tuff, 

6 — Kolkun Series, 

Fta, 3. — AlteniAtiTO Motions merom the lroii«ore Sork-s. 

I have heard it contended that there cannot be any phyUites 
overlying Uie banded-hematite-qaartzites in Singhbhtun as the latter 
invambly occupy the hill-tops and phyliites the valleys. In view 
of the faiown overfolding prevalent in places, the basis of this con- 
tention has no significance by itself. 

b2 
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There is at least one plaoe where phyllites are olearty seen to 
overlie banded-hematiteM]aartzite. About miles east of Bonoi* 
kora (22° 02', 86° 26'), the Eondra nodi has out a gorge through 
the banded'hematite-quartsite, which is here only about 100 feet 
thick and dips west at a sl^llow angle, 20°-30°. On its eastern 
side a narrow zone of phyllite, between the lava and the banded- 
hematite-quartzite, dips below the latter. On the western side, 
phyllitet are seen to overlie the quartzite conformably, and in the 
latter there is no ngn of close synclinal folding, and no lavas are 
exposed further west. The sequence may, of course, be inverted. 

In the mine quarry faces occasional phyllites are seen to be 
interbedded with ^ banded-hematite-quartzito, such phyllites some- 
times grade to ore. In the wide area of massive cherts north 
of Jamda, ph}dlites are also interbedded, and cherts are intnbedded 
with the widn areas of phyllites. 

Although, as indicated in the Kundra nodi section, some phyllites 
must overlie the banded-hematite-quartzites besides being inter- 
bedded with them, the lavas, tufis and associated phyllites between 
Noamnndi and the Iron-ore Range cannot be accepted with cer- 
tainty as stratigraphically overiying the banded-hematite-quartzites. 
Th^ is no direct evidence of their position in this locality, especially 
in view of tire known overfolding. 

Bearing in mind the above alternatives, seven sections can be 
drawn across the horseshoe from west of the Iron-ore Range across 
to the eastern side of the Noamnndi ridge, each section conforming 
to the known outcrops — &g. 3. 

Section (o) is of a simple geoqmdine, the sequence in ascending 
order being: lavs, phyllite, banded-hematite-quartzite, phyllite, lava. 
This requires two periods of thick lava flows, but, as pointed out 
earlier, the evidence would suggest that the wider areas of flows 
in the centre of the horseshoe are to be correlated with the flows 
around the rim. 

Section (6) is of a geosyncline within which inliers of the lava 
have been brought up by minor anticlines. The sequeiuje from the 
base is: lavs, phyllites (impersistent, but thickening particularly 
to the nortfa'Wert), banded-hematite-quartzito, phyllites (main 
group). 

8eel»m (c) is a^n of a geoeyndine with the following sequence 
in' ascending order: phyllitos, banded-hematite-quartzito, phylUtos, 
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lava. In this case, however, the discordance between the lava 
and the banded-hematite^nartzite would be of the nature of a 
major unconformity, far greater than the evidence would indicate, 
comparable in fact to the unconformity between the Kolhan Series 
and tibe Iron-ore Series. But, as has been already remarked, the 
very manner in which the Kolhan Series cuts ri^t across the strike 
of the lavas and banded-hematite-quartzite north of Noamundi 
mine, and the general parallelism of the two latter, indicates the relative- 
ly close relation of the lavas to the banded-hematite-quartzite group. 

Section (d) is of a simple geoanticline with the upper lava showing 
overlap. The sequence, ascending, is : lava, phyllites, banded- 
hematite-quartzite, phyllites, lava. For the same reason as given 
under section (a), that is, the postulation of two main groups of 
lava, this section is not favoured. 

Section (e) avoids the objections to the last section, and the se- 
quence becomes simpUhed. in ascending order, to.: phyllites, banded- 
hematite-quartzite, phyllites (impersistent), lava. 

Section (/) introduces additional structures — synclines of banded- 
hematite-quartzite on either side of a major geoanticiine. In this 
the ascending sequence would be simple : lavs, phyllites, banded- 
hematite-quartzite. The single phyllite stage would show remark- 
ably rapid variations in thickness. 

Section (g) retains the structure of the phyllites and the banded- 
hematite-quartzites of section (/) but superposes a further wider 
geoanticli^ structure in which later lavas take part. This section 
carries the same objections as in section (c). 

Although all of these sections remain possibihties, the truth 
is more likely to be found amongst sections (6), (e) and (/). The 
sequences pictured for each of these sections are illustrated in 

fig. i. 

In section (6) the banded-hematite-quartzite, interbedded with 
the ph^tes, is shown as thinning out in places, and sometimes 
resting directly upon the uneven lava surface. 

In section («) the banded-hematite-quartzite has been gently 
or warped, with erosion of some of the beds before the lavas 
were extruded. 
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(b) 


Seetiom (b). 1—Lava. Z—Ph^Ute and 
4 — Upper pkjfiite and tuff. 


toff. 3 — Sanded-bematHe-fuarUiU. 



(«) 

SeeHon (e). 1 — Lower pkyUUe, 2 — JUinded-kenkMtiU-gnartxUe. 3 --Upper phyUiie. 
4 — Lava and tuff. 



if) 


Section (/). 1 — Lava, Z^PhyUiie and tuff, 3 — Ikmded-hematiU’quarteiU, 

Fig. 4. — ^AltemstiTe originaJ tequenoes aocorcUng to Fig. 3. 

In section (/), the phyllites within the centre of the horseshoe 
represent a considerable rapid thickening of the phyllites which are 
known to occur between the lava and the banded-hematite-quartsite 
on either rim of the horseshoe. The contrast in thickness of the 
phyllites is most strongly shown on either side of the eastern rim, where 
over a distance of 25 miles along the strike there is only a very narrow 
and impeisisteut zone of phyllites to the east of the banded-hematite- 
quartzites, whilst across the strike of the latter (a distance of only 
one hundred yards in the Kundra mdi gorge east of Bonoikora) 
phyllites attain a considerable thickness. On the eastern side of 
NoamntuB mine, there is no evidence of extensive faulting which would 
eliminate a great thickness of phyllites. Section (/) would, there- 
fore, {uresuppose a considerable warping of the lava surfsoe giving 
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rise to a deep basement within a short distance to the north-west, 
in which a greater thickness of sedimentary material accumulated. 
A si mil a r explanation would be necessary for the rapid widening, 
in a nortikerly direction, of the zone of phyllites along the western 
rim of the horseshoe, unless faulting is an alternative there. 

The most favoured choice seems to lie between sections (b) and 
(«), of which the one is an inversion of the other. As has been noted 
the only exposures are along the eastern rim where, between the 
lavas and the banded-hematite-quartzit^^ there is an impersistent 
Ziom of tuffs, interbedded with altered lavas and usually altered 
to phyllites. For long distances this zone of tuffs is entirely absent. 
Usually the upper part of the lava was deeply oxidised in Iron-ore 
times and altered to red clay and chert, and, particularly further 
south in Keonjhar in the area recently mapped by Mr. B. C. Gupta, 
no clear-cut boundaries can be drawn between lavas, tuffs, and 
banded-hematite-quartzite. In Keonjhar a zone of indefinite lavas, 
tuffs, phyllites and cherts, between the normal lavas and banded- 
hematite-quartzite, attains an outcrop width of one mile. If the 
sequence along this eastern rim is normal, then the lavas were 
severely decomposed in tlie final stages, the previously noted con- 
glomerate in the railway cutting north-ea^t of Naainundi mine repre- 
senting a IcK^al washout at the base of th<' tuffs. The tuffs, at the 
top, contain interbedded cherts which higher still give place to 
massive baiided-hematite-quartzite, followed finally by phvllite-s. 

If the sequence is inverted along this eastern rim, then the 
main phyllites gave place to banded-hematite-quartzite which merges 
upwards to interbedded tuffs and cherts and thence to lava, the 
conglomerate north-east of Noaniundi mine representing a washout at 
the base of the lava. Also the tuffs and early lavas would have 
been severely deoom{)osed and altered to hematite before the final 
outburst of lava. 

This decomposition of the lavas and tuffs to heniatitic material 
along the contact of the banded-liematite-quartzite (which finds a 
parallel also along the base of the later Kolhau Series), the absence 
of banded-hematite-quartzite pebbles in the interbedded conglome- 
rate north-east of Noamundi mine, and the gradation of each group — 
lavas to tufb and tuffs to banded-hematito-quartzites —would, 
perhaps, favour a normal sequence along the east rim as in section 
(6). Further, we know that severity of folding and overfblding 
ineteases westward, and the di^sition of the banded-hematite- 
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qnaztate aroond the horseshoe fold, with wide oateiops on the 
eastern and narrow outcrops on the western sides, would suggest 
that the sequence is normal on the east and inverted on ^ west. 
In addition, the folding of tlie synclinal basin of the later Kolhan 
Series suggests a continuation of pte-Kolhan synclinal fold move- 
ments, but displaced slightly east (as would be expected with the 
tendency to overfolding on iihe western side). 

One of the pleas in favour of section (e) is that, in the centre 
of the horseshoe, the banded-hematite-quartzite occupies the tops 
of the hills, with phyllites in the slopes and valleys. Although 
apposite evidence, it has been remarked already that in an area 
of widespread oveifolding it cannot be accepted without other 
support. 

It is natural that we should look to adjacent areas in Singhbhum 
in the hope of finding some clue to the true sequence. If the lavas 
are at the top of the sequence they are comparable to the position 
of the Dalma lavas in North Singhbhum. On the other hand, if 
the lavas are at the base they are comparable in position to the 
wide area of basic igneous roc^ which cleariy underlie the banded- 
hematite-quartzites in South Dhalbhum, although in the latter 
locality much of the basic rock is intrusive. It may be remarked 
that file Dalma lavas provide the closest comparison in rock type. 

Appreciating the difficulties in this region of close oveifolding, 
in which actual rock contacts are rarely seen, as so much is covered 
by thick alluvium, hill debris and dense jungle, it is difficult to come 
to any definite conclusion. Further work to the south will, it is 
hf^ed, solve the problem. 

The lavas. 

East ov ths bandsd-hkmatitb-quabtzitb of Noahundi. 

The large area of lava extending south firom the western b^f 
of sheet No. 73 F/12, east of Noamundi mine, apparently ooosists 
of a number of flows. It often has a bedded appearance and is 
typeaHy amygdaloidal. The bedded lavas are sometames seen to 
be gently folded, but structural evidence is normally l««lring 
Towards the eastern boundary shearing becomes noticeable, and it 
is into this sheared area that the granite has been intaided. 

Ukroeof^pcidty the lava usually consists of small augite crystals 
in an extscmely fine gronndmass, which may show a fine radiating 
structure and rsptesmts a devitzified glass. The oeutree of the 
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majorily of the augite ciystals aie altered to chlorite. An analysis 
of such a rock, 54/441, containing a few amygdoles of silica, is given 
in Table 1, page 329. Sometimes, a felted groundmass of needles 
of altered felspar in devitrilied glass may contain a few pheuocrysts 
of chlorite and quartz which were possibly originally felspar. At times 
the texture is trachytie. Where coarser grained, felspar and augite 
show a typical ophitic structure, but the augite is frequently altered to 
chlorite and opidote. Fine magnetite and leucoxene are often 
present. The amygdules are variable. Some are entirely of fine 
' hert, others of courser quartz with a thin rim of chert or fine chlor- 
ite, otiiers again of chert and cpidotc, or of radiating zeolites altered 
to epidote and surrounded by chert, or of chlorite edged by prisms 
or fine grains of epidote, whilst occasional amygdules may show a 
stratified structure of chert and zoisite in one half, the remainder 
being infilled with quartz. With recrystallisation, the chert gives 
place to coarser quartz. 

Specimens may t>e collected which are so full of amygdules 
that the lava groundmass is a minimum. These have been altered 
more readily than the less amygdaloidal material and the glassy 
groundmass is now usually represented by hematite in which little 
rounded and lath-shaped areas of quartz presumably represent 
original augite and felspar respectively. Sometimes the highly 
amygdaloidal lavas are now altered to rounded areas of white 
quartz in a limouitio groundmass. It is also noticeable that the 
more amygdaloidal lavas have been more Uable to sUicitication than 
the normal lava. Such silicification appears to extend outwards 
firom the amygdules and when complete the rock is altered to a 
massive chert or jasper. 

Between Eotgarh and Noamundi mine deep oxidation and decom* 
position of the old lava surface below the base of the Kolhan Series is 
peraistent. Almost everywhere along its border here, and to the 
south' along the edge of the banded-hematite-quartzite, the lava 
has beui dtered to hematite-rock, or to a hematitic argillaceous 
material which, with movement, has given rise to a hematite phyl- 
lite. In this altered rook the amygdules of the ancient lava are 
often still pieawved. Other matmial associated with it appears 
to be the iteration product of fine tuffs ; it is not possible to be 
oertun whether some of the hi^y oxidised rock is altered tuff or 
altered lava. This is particularly so in the railway cutting north- 
seat of Noamandi ">«»« SUkaticatiou of tius surface took was 
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frequent and gave rise to white chert, and to red, green and mottled 
jaspers, which are commonly found immediately below the Kolhan 
conglomerate. Frequently the alteration was such as to produce 
an iron-ore of hard hematite. It is apparent that this alteration 
was, at least in part, of sub-aerial origin in Kolhan times, but the 
fact that similar alteration has taken place in the lava immediately 
below the banded-hematitc-quartzite suggests that there was con- 
temporaneous oxidation also in Iron-ore times. 

Although tufEs intervene between the lava and banded-hematite- 
quartzite at Noamundi ridge, the lava undoubtedly immediately 
underlies the hematite-quartzite in many places. An excellent 
example of this is on the ridge north-west of Churia Pahar (22° 01', 
85° 28'), where oxidised amygdaloidal lava is in juxtaposition to 
hematite-quartzite, which, at the actual contact, is often a mottled 
jasper or chert rather than the fine-banded tyjie. At this point 
the abundant amygdules are beautifully preserved in the hematit- 
ised lava, which is occasionally sheared and grades to a phyllitic 
hematite-rock, in fact at times it could only be called a hematite- 
phyUite. Wherever hematite-phyllites occur along this boundary, 
unless their fragmental nature clearly indicates that they are tuffs, 
there is alwap the probability that they arc sheared altered lavas. 
'That movement has taken place along the boundary between the 
banded-hematite-quartzite and the lava is obvious, as it has taken 
place throughout all of these South Singhbhum rooks, and probably 
part of the boundary is a fault but, to date, there is no evidence 
of profound overthrusting along this e<]gc of the horseshoe fold. 

Occasionally, within the large area of lava, small outcrops of 
silicified tuffs arc found. These may consist of angular fragments 
of ferruginous material, some, containing small amygdules, appa- 
rently after lava, other fragments are of quartz <»r chert, and the 
matrix consists of fine ferruginous chert in which incipient fine 
needles of an undetermined yellow mineral may occur. 

Shearing of the unoxidised lava gises rise to a chlorite-schist which 
may often have a phyllitic texture. Such shearing is more prevalent 
towards its eastern edge. 

The intrusive relation of the Singhbhum granite into the main 
area of lava may be seen in the nad* to tihe south of Bara Nanda 
(22° 13', 85° 38'), at many places north-east of Bhondgaon (22° 05', 
86° 35'), in the small nadi north-west of Kondts (22° 03', 85° 31') 
whem it intradss between the sheared latm and qoarts-sohirt, and 
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in the Kondra nadi south-west of Kondra, where hybrids have been 
formed. There are, of course, innumerable examples of this intrus- 
ive relation of the granite in the epidiorites and hornblende-schists 
between Jagannathpur and Ohaibasa. 

Metamorphism of the lava commences close to its contact with 
the Singhbhum granite, especially to the east of Bhondgaon (22® 06', 
86® 36') where a large area of lava, both sheared and undistuibed, 
IS swarming with intrusions of granite, pegmatite and quartz-veins. 
Most of this country is covered, but granite is associated with almost 
every outcrop of epidiorite and hornblende-schist, and it is difficult 
to say whether granite or metamorphosed lava is the more abundant. 
This was the area which was previously mapped as Older Meta- 
morphic Series, the actual boundary between this and the unaltered 
lava (originally regarded as a sill) being taken along the foot of 
the hills. Recent careful examination has shown that there is no 
justification for this separation, and there is, in fact, no boundary. 
Typical unaltered lavas, often amygdaloidal, are quite commonly 
found as much as 1 \ miles outside of the old boundary, and it may be 
noticed how rapidly these grade to epidiorite and hornblende-schist 
and even hybrids where there is granite. In this ar^a phylbtes 
are also iiiterbedded with the lav'a. mid they become metamorphosed 
to sericite-quartz-schists ancl mica-schists, which also forn^ hybrids 
with the granite. Possibly some of these phyllites are really sheared 
altered lavas, similar to the phvllites after lava along the banded- 
hematite-quartzitc boundary and below the Kolhan conglomerate; 
in fact, in sections along the streams here, there appear to be grada- 
tions from lava to phyllite. 

In the early stages of metamorphism, the opliitic texture of th<‘ 
lava is well preserv'^ed by the felspars, but the original augiie is 
altered to fine hornblende, with sometimes diopdde. Epidote also 
becomes rather abundant, with also chlorite. .Ajflj'gdules may still 
be determinable. With increased metamorphism the felspars dis- 
appear, the fine ophitic structure is lost and tlie horableade lorms 
quite well-developed ciystals assoc iated with quartz. Where schist- 
ose, the rock is, of course, a hornblende’ schist. Uiopsido may 
be quit^ abundantly and coarsely de\x'loi>ed \chere tlic basic rock 
is included in granite, A hybrid, associatotl with granite to the 
west of Daobera (22® 07', 85® 38'), consists mainly of hornblende, 
diopside and some chlorite in a finely granitic or ophitio matrix 
whkh is now rather sericitised and contains sphene, zoisite and a 
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biovniah ohloiitic loateiiaL Some oaksite is pieaeat near tbe diop* 
aide. 

Associated with the same granite, west of Daobera, there is also 
a hybrid of granite and mioa-sohist. The granitic part of the rock 
is of rather fine-grained quartz and orthoolase with a little plagio- 
clase, apatite, rutile and the brownish chloritic mineral, uid in 
this there are patches of coarse muscovite and abundant brown 
tourmaline. A little chlorite and magnetite are also present. 

The metamorphosed basic igneous rooks with, in places, asso- 
ciated banded quartzites, which are found in the granite below the 
base of the Kolhan Series between Jagannathpur and Ohaibasa, 
are now believed to be Iron-ore Series rooks. There is no reason 
for regarding them as a separate series, they are lithologically iden- 
tical in every respect with the rocks in the adjacent main Iron-ore 
Series area, except for a rather higher degree of metamorphism, 
and the association of hybrids with Uie granite. But this meta- 
moiphism and hybridisation, we have already seen, takes place also 
where the main area of the Iron-ore Series has been intruded by 
granite. 

These metamorphio rocks have been already describe*! by Jomw, 
but I will take tUs opportunity of describing here the interesting 
schists alpng the Deo nodi, below the Kolhan conglomerate. Tliore 
is a remarkably clear exposure, in the stream bed, of inclusions of 
banded-hematite-quartzite and basic igneous rock in tlie granite. 
On the north-east bank of the stream a bed of banded-hematite- 
quartzite dips north-west at 40°, below hornblende-schist and hemat- 
ite-schist. In places the latter are stained a bright green along the 
cleavage and surface, possibly a copper staining. In the bed of 
the stream the hematite-quartzite breaks up into small blocks in 
the granite, the blocks retaining usually the general strike of the 
larger bed. As a rule the quartzite blocks have quite sharp boun- 
daries against the granite. The banded-hematite-quartzite has 
been recrystallieed by the granite, the oherty texture is destroyed, 
and the quartz is sugary. The homblendeiiohist has also broken 
up in the granite, but the blocks still retain the general strike. 
Their edges, however, are not always clear cut, hybridisation having 
taken place with the granite magma. Prior to intrusion by the 
granite, the bask) igneous rook had been largely altered to carbonate 
rook and to hmnatite-achiat. The more normal hornblende-schist 
-under the mamoscope consists of hombleiide and ehbrite with a 



THS IBON-OBE SEBIES. 


827 


little carbonate and qnartz, and patches of fine hematite. This 
grades to a rock consisting of chlorite with some fine quartz and 
carbonate which may grade farther to a rock consisting almost entirely 
of carbonate with some chlorite. In some inclusions the chloritic 
content has been oxidised, in places, to hematite and these may grade to 
a hematite'sericite-schist. The latter consists of a groundfiabrio of 
fine sericite and hematite in which are occasional fiakes of muscovite, 
partially hematitised, and much irregular quartz, fine leucoxene 
being often present also. These sericite-schists have a bri^t green 
colour where not deeply stained by hematite. The muscovite is 
apparently due to recr 3 rstaIlisation of the sericite. On granitisation 
of these schists, coarse quartz and felspar develop within them, but 
the felspar has been later sericitised or partially replaced by hematite. 
Apatite grains are common in the hybrids. 

It is apparent that the basic igneous rock was in part altered 
to hematite-chlorite-sericite-schist, and to carbonate-rock before in- 
trusion by the granite. The alteration to hematite-chlorite-sericite- 
srhist is exactly similar to that which has been noted to have taken 
place at the top of the lava east of the Noamundi ridge, the only 
difference along the Deo vadi being that the granite has caused some 
recrystallisation. 

Around Nuida (22° 20', 85° 44') the basic igneous rock is altered 
to talc-rock and sometimes to talc-schist. Talc-rook, chloritic talc- 
schists and sericite-schists after lava also occur below the Eolhan 
rocks around Chaibasa. The rocks here usually consist of fine 
sericite with abundant leucoxene, in which coarser flakes of mus- 
covite are largely replaced by hematite. Where closely penetrated 
by granite, large angular grains of quartz appear in this rock, which 
show partial replacement by sericite, and these grains may be so 
abundant that it becomes a quartz-sericite-rock. Below the Eolhan 
conglomerate the granite also becomes sericitised to quartz-sericite- 
rock, and it is not easy in the field to judge whether some of these 
rocks were granite or slightly hybridised alten'd basic igneous rocks. 

About 1| miles north-east of Chaibasa the tvpical amygdaloidal 
lava crops out. Some was originally glassy, but is now altered to a 
dark brown material full of fine magnetite ami containing abundant 
amygdules of chert' with coarser centres and a chloritic lining. 
Some has an ophitic texture, but the augites are chloritised, felspars 
altered and carbonate is abundant. In places the lava picked up 
angular fragments of quartz and oLeit. Asso<‘iated tu^ contain 
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itregalai fragments of chlorite, quarts, chert and slat]r fragments, in 
a chlorite matrix. 


Between Bababil and Oda. 

The lavas oroppmg out between Baiabil and Gna are closely 
folded and contain thin interbedded phyllites. Sometimes, as in 
the larger outcrop one mile west of Uliburu (22® 08', 85® 23'), amyg- 
dules are abundant; this outcrop, particularly on its western side, 
is altered to a limonitic material in which the white amygdules stand 
out in contrast. Many of the outcrops are of qmte fresh massive 
lavas, others are highly sheared to chlorite-schists and to the north 
they may be well-cleaved hornblende-schists, but a large proportion 
of the outcrops are of hematitised lavas or even iron-ores, or sericite- 
rocks and talc-rocks, in some of which amygdules may still be seen. 
Alteration to clay is common. Particularly in the hills between 
Bokna, Qua, the Karo River and the railway line, the lavas are so 
altered and so closely associated with phyllitic tufEs and normal 
phyUites that the mapping can be only diagrammatic. As shown 
on the map, the lava areas represent areas in which lava predomi- 
nates and in the phyllite areas phyllite is the more abundant. The 
alteration of the lava is similar to that which has been described in 
the larger area east of Noamundi mine. 

The lava sometimes shows ophitic structure, with abundant 
felspars in augite, the latter being partly chloritised. In other 
cases small prisms of zoned augite (with chloritised centres) occur in 
a fine devitrified matrix which may contain much epidote. Amyg- 
dules are of fine quartz, chlorite and altered zeolites, which may 
have a rim of zoisite, chlorite, calcite or altered zeolites. 

To the sontii of Jhiling Buru, east of the road and extending 
to the river, some of the lava has an unusual structure, which, 
from the hand specimen, may be described as spherulitic or even 
orbicular, as on the weathered surface it is seen to be made up of 
little spheres, up to 1 inch across and often touching. Under 
the microscope the spheres are seen to consist of small augite prisms 
in an extremely fine radiating groundmass of devitrified glass. The 
outer zone or matrix is more crystalline with more augite and micro- 
lites. Some epidote and quartz are present and thin chert veins 
traverse the section. All the augites are zoned and the centres 
altered to chlorite. An analysis of this rook, 64/463, is given in Table 1. 
The inofe normal lava is similar to the matrix of the abovq 
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rook, and it will be noticed that this is identical with much 
of the lava east of the Noamundi mine. 

The lava just described underlies the conglomerate at the south- 
east end of Jhiling Bum. Immediately below the conglomerate 
the lava has been altered to a structureless argillaceous material, 
at times a white clay, at others it is iron-stained. Under the 
microscope little plates of muscovite are found to be scattered 
throughout. Such muscovite is also found in a pliyllite which 
occurs as a thin bed within the lava. 

The great majority of these outcrops are of fine-grained lava. 
There are, however, certain rather coarser but medium-grained 
doleritic rocks, dyke or sill-like in outcrop, such as the one a mile 
north-west of Diriburu (22^ 12', 86° 26'), which may be intrusive. 
Indeed, it is not unlikely that some of these probable intrusives 
may be Newer Dolerite in age. Cropping out in the Karo river, on 
the northern side of the conglomerate which overlies the spherulitic 
lava described above, there is an ophitic dolerite, 54/462, an analysis 
of which is given in Table 1. This may be either a flow or a later 
intrusive. 


Table 1. 


— 

54/441 Lava 

N. W. of lohakuti. 

54/463 T»va 

II miIo« S. of One. 

54/462 Dolerite 

1 mile S. of Gua. 

SiO, . 



.55-SO 

63-20 

48-88 

AljO, 



12-37 

9-73 

10-61 

FojOf 



2-20 

3-94 

1-57 

FeO . 



7-93 

9-92 


CaO . 



5-90 

6*77 

6-60 

MrO . 



8-93 

9-58 

12-88 

MnO . 



0-22 

0-18 

0-24 

K.O . 



1-50 

1*06 

0-5»i 

Na,0 



MO 

1-24 

1-86 

PA • 



0-01 

0*08 

0-01 

So, . 



0-00 

0-83 

1-60 

H,0— 



0-3(» 

0-40 

0-42 

H,0+ 



;mo 

3-10 

3-58 

8. . 



0-05 

0-01 

0-13 


Totil 


100-01 

100-04 

100-01 


Sp. Gr. 


2-861 

2-99.3 

2*948 


Analyst — R. Dutta Roy. 










330 


DUNK : STBATIORAPHY 07 SOUTH SIKOHBHUM. 


The undoubted lavas between Barabil and Gua are indistinguiah* 
able, petrologically, £tom those to the east of Noamundi mine. 
The curious radiating devitrified groundmass, in which small soned 
prisms of augite are scattered, is a typical feature of both areas. 
In addition, the alteration to hematite-sericite-rook and hematitic 
schists, and even to iron-ore, is common. 

The phyllites and tuffs. 

East of thb banded-hematitb-quabtzitb of Noamundi. 

Between the lava and the banded-hematite-q uartrite of Noamundi 
east ridge there is a zone of tuffs which were called by Percival the 
" Mohudi shales This was previously a useful term, but it seems no 
longer necessary to retain it. Percival recognised that they were 
not normal shales and that they were, in fact, altered tufis. In 
addition, quite a considerable amount of altered lava is interbedded. 

I have found it difficult to determine a junction between the 
main lavas and tufis. Both are so hi^y altered to a similar 
hematitic argillaceous material that any boundary has been obscured. 
However, at the west end of the railway cutting immediately south 
of Sangramsai village there is a peculiar conglomerate which may 
be taken to represent the base of the tufb at this point. To the 
east the altered lavas dip westward at about 30” below the conglo- 
merate, which retains the same dip below a similarly altered 
material, which may be tuff or lava, further west. 

This conglomerate is unusual. It consists of pebbles, up to 
6 inches across, of quartz and quartzite, and some of altered lava, 
in a matrix which is indistmguishable firom the altered lava or 
tuff. The pebbles are mostly water-worn, and often have an 
iron-stained surface. The quartzite pebbles consist of siiicified 
rounded quartz grains with small rounded patches of soricitc, and 
with a little interstitial hematite. The conglomerate presumably 
represents a contemporaneous wash derived partly from the old lava 
surface, and partly frrom some still older roo^. This evidence, 
that on older series of sedimentary quartzites existed in the 
neighbourhood below the lavas, is important. 

That some of the material interbedded with the tufb is altered 
lava is illustrated by microscopic examination. Usually it is a 
structur^ess argillaceous material, much altered to serioite, and con* 
taining ramifying veinletB of hematite and sometimes of clay, and 
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occasionally a little secondary quartz, but in places the fine hematite 
and sericite have retained the curious fine radiating structure so 
typical of the adjacent lava. Sometimes also the sericite retains 
the lath'shape of original felspars. 

XTsually, west of Sangramsai, these altered rocks are massive, 
with little sign of bedding, but jointing and often cleavage may be 
well-developed in them. Sometimes they have been leached almost 
white in colour, or they may be mottled red and white, thus grading 
to the more normal red colour. At times, however, thev show 
banding and so grade to the typical ‘‘ Mohudi shales of Percival 
on Noainundi east ridge. I have seen colour banding in only par- 
tially altered lava on the eastern side of Noamundi ridge. 

Percival has already described in detail the shales or tuffs 
of Noamundi east ridge. Usually they are soft, mottled and bandecl 
argillaceous rocks which have been considerably le^hed and re- 
placed. The less altered rock is somewhat cherty in appearance, 
or rather, might be compared with an extremely fine grey- white 
sandstone with greenish tinge. The irregular staining of this mate- 
rial by hematite has given rise to a mottled colouring. A faint fine 
handing, presumably bedding, oc(\‘isionally noticeable in the original 
rock, has l)een followed by the replacing solutions, thus giving 
rise to the alternating red and white “ shales but sometimes a 
second banding cuts across this. Much of the rock is so completely 
replaced as to form a soft laminated ore, especially on the nortli- 
(‘ast side of the ridge. Such ore breaks up into close-jointed frag- 
ments which can be fairly readily separated from the associate I 
clay. Sometimes the banded red and white clay is traversed by 
innumerable fine ramifjdng veinlets of whitt' clay. 

Under the microscope the unaltered fine tuff is seen to consist 
of small fragments of quartz and chert in a .soricitic and cherty 
matrix. Although no grains of iron-ore are observable, there are 
many fine grains of what api)ear8 to be leucoxene. In the early 
stages of the introduction of hematite, there is a patcliy replacement 
of the matrix, producing the mottled “ shales With further 
alteration the whole rock may be altertnl to an argillaoeous or 
sericitic material, deeply stained by hematite, in which only a few 
small quartz fragments may he left. 

Towards the top of these tuffs, where they are also banded, 
they arc irregularly siUoified, forming a green and red chert in which 
there are patches of less siliceous unreplaoed tuff. The siding 
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cuttmg on the north-west comer of the ridge, exposes the tuSs, 
cherts and banded-hematite-qnartzites which form a conformable 
sequence dipping at 45° in a westerly direction. Immediately below 
the lowest chert band in the cutting there is a C inch zone contain- 
ing flat lenticular fragments of altered tufi, which looks like an 
old surface. The overlying chert is banded and merges up the 
sequence into laminated ore which really forms the base of the 
banded-hematite-quartzite at this point. Apart from the finer 
banding in the banded-hematite-quartzite, it does not differ from the 
banded chert associated with tuffs immediately below it, and there 
is no sharp dividing line. 

On the eastern side of the ridge the tuffs are finer banded and 
dips flatten to only 10° west, in fact horizontal bedding was noticed 
locally in the workings where the beds were being rapidly quarried. 

Further south, ferruginous phyllites may be traced along the 
base of the banded quartzite in places, but for long distances the 
lavas appear to directly underlie the quartzite, and usually the top 
of the lava is highly altered. In many places such altered lava, 
with development of cleavage, grades to ferruginous phyllitc in 
which drawn-out amygdules may be seen at times, as on the north- 
east side of Churia Pahar (22° 01', 85° 28'). At Inganjoran the 
“ phyllite ” is hard and dense, red on the surface, but green on the 
firesh fracture ; its cleavage is vertical and slickensided close to the 
Eolhan sandstone boundary, which is here undoubtedly a fault. 

Between Noamxjndi and Gua. 

In the accompanying map, the old boundaries between the 
phyllites and banded-hematite-quartzite west of Noamundi, as 
shown on Jones’s map, have been retained. Hill-side debris is 
deep and the jungle thick, so that the boundaries can only be map- 
ped approximately, except where mapped in mine workings. 

These phylUtes have, in the past, been referred to as “ shales 
I have nowhere seen a normal shale amongst them. On the weath- 
ered surface they may sometimes appear to be shaly, but a well- 
developed slaty cleavage and usually a fine phyllitic sheen is devel- 
oped whoever fresh. Sometimes two or more cleavages have even 
developed in them. Bedding is rarely observed and almost all 
the dips recorded are cleavage dips. Close folding cannot, as a 
rule, be detected in outcrops of these phyllites, as cleavage suppresses 
all other stmeture, but in rail and quarry cuttings there is abundant 
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evidence of the close folding and faulting to which these rocks 
have been subjecjted. Perhaps the best sections arc to be found 
along the road cuttings ascending to the mine above Gua, where 
the finely banded phyllites can be followed in all their contortions 
even though the close cleavage cuts across t.lie bedding. In road 
cuttings al>out 2 miles south of Gua, close recunibent folds in the 
phyllites are at so flat an angle that, if not seen in section, ih(‘y 
would be regarded as normally horizontal. Crush zones are also 
seen occasionally, as in the cuttings at the l>ottom of the old incline 
at Gua. 

Although ferruginous purple phyllites arc the moftt abundant, 
buff, white, grey, green and even black phyllites arc quite common, 
and occasionally they are mottled. Although usually fine-grained, 
bods of quite coarsely fragmental material - -still j)hyllitic — occur 
in them and these are obviously tuffs. 

For the most part cleavage linos trend N.E.-S.W., but there are 
many local cliv^ergent strikes. Quite frequently, close to the base 
of tlie Kollian conglomerate, the dips of the phyllite may be appa- 
rently conformable below the conglomerate, in consequence of the 
strong post-Kolhaii folding which w’as superimposiHi upon th(‘ earluT 
folding. In the railw'ay cutting north of Noamiindi village, the 
phyllites have Ihhui draggini down along tiu* uiuonformity below 
the Kolhan conglomerate as a result of tht* later folding -fig. 7. 

Cherts are sometimes iuterbedded with the phyllites, and phyl- 
lites are interbedded with the wider areas of chert and banded quart- 
zite. It has been remarked akeady that a largt? part of the area 
coloured as “ shale ” on the older map is deeply (^ov^red with allu- 
vium or laterite, and that in all probability lavas aiul cherts are more 
abundant than appears from the map. 

The phyllites are commonly mangauiferous. This is well illus- 
trated in some folded phyllites exposed in road cuttings about two 
miles south of Gua. Leaching of these roi'ks has given rise to 
enriched zones of nodular psilomolane and pyrolusitc in the phyllites, 
or of lateritic xnanganese at the surface —there are apparent grada * 
lions between the two types of occurrence. In addition detrital 
material shed from these deposits has also been mined. 

There are at least four belts along which manganese has been 
mined within the area re-surveyed. The most westerly com- 
mences on the western side of the Jhiling Burn mine south of Gua, 
extends south along the eastern side of the Iron-ore Kange, and 
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follov^s the western side of the conglomerate bed across the river. A 
small belt occurs in the phyllites west of Uliburu. The next belt 
commences at about one mile north of Diriburu, with a blank in- 
terval to Noagaon, south of which many deposits have been worked 
through Nalda and to the south. The fourth belt commences in 
the hills north-east of Jamda village and extends B.S.E. towards 
Bilkundi. 

Petrol<)gi(‘ally the normal phyllites are serieitic slaty rocks often 
containing a little fine quartz and with varying amounts of fine 
hematite. The tuff-phyllites are much more variable, however. 
These are well-developed around Gua. In the hand specimen they 
are all obviously fragmental rocks, the fragments being up to |-inch 
across, but all closely cleaved. In the cutting below the ore-bins 
at Gua station, the tuffs consist of fragments of fine chloritic material, 
chert and a few grains of quartz in a chloritic and argillaceous 
groundfabric. Sometimes magnetite is quite abundant, and occas- 
ionally small flakes of muscovite have developed in the ground- 
fabric. 

In the bank of the Karo river, east of Gua, there is a gocnl ex- 
posure of tuff. The fragments are of chert, hematitic chert, chlor- 
ite, sericite-schist, black slate, chlorite-schist and magnetite (altered 
mainly to hematite), which are in a matrix of chlorite and calcite. 
The fragments have been rather squeezed out by pressure, and are 
partly replaced by calcite. In some of the tuffs elsewhere, frag- 
ments of altered amygdaloidal lava have been seen. In rare in- 
stances the tuff is uncleaved and massive ; about half a mile west 
of Jamda station, and also in the stream to the south-west, there 
is an instance of a tuff resembling a sandstone. It consists of 
angular fragments of chert and other material, altered to hematite, 
in a hematite matrix. 


The cherts and jaspers. 

That cherty rocks, apart from the banded-hematite-quartzites, 
are of widespread occurrence in the Iron-ore Series will have been 
gathered from the previous pages. These cherts are associated 
variously with the extensive outcrops of lava east of Noamundi 
mine, with the phyllites along the eastern side of the banded- 
hematite-quartzites extending south from Noamundi mine, and with 
the phyllites between Noamundi and Gua. 
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Thin bands of chert, or silicified tuffii, are occasionally seen 
within the lavas east of Noamundi mine. The finely fragmental 
nature of these rocks may be noticed under the microscope. The 
jasper, which occasionally occurs at the surface of the lava immed- 
iately underlying the Kolhan conglomerate, is more extensive, 
however, and is apparently due to silicification of the altered lava. 
Such jaspers are red, green or mottled in colour. Within the Singh- 
bhum granite the inclusions of chert and banded jaspers have been 
recrystallised, the quartz being more coarse-grained. Magnetite 
commonly takes the place of hematite. 

The cherts and jaspers, which follow the eastern boundary of 
the banded-hematite-quartzite, are usually red or white in colour, 

or are often mottled, or even green at times. A coarse bciuding is 

sometimes noticed, but is more common in the cherts just below 
the banded>hematite-quartzite. Under the microscope the chert is seen 
to be extremely fine-grained with a few small grains of quartz, the 
red colour being due, of course, to hematite which replaces the chert. 
Occasional coarse fragments may be found in the chert matrix. 

The fact that some of these cherts, just below the base of the bauded- 
hematite-quartzites, are interbedded with the tuffs might suggest 
that the cherts themselv^es w'ere originally deposited as normal 
sediments. However, in the mine workings, there are many in- 
stances of irregular siliceous replacement of the tuffs, sometimes 

in quite small patches, to form cherts. It can be said with cer- 
tainty that at least many of the cherts are silicified tuffs, but ^\hethe^ 
this silicification was contemporaneous or later is debateable. In 
my opinion the bulk of the evidence suggests that it was more or 
less contemporaneous with deposition of the beds. 

Cherts are widespread between Koamundi and Gua, especially 
to the north-east of Jamda. Here they are almost exclusively 
white in colour, and form massive beds in which usually no banding 
can be detected. On the map the distribution of these has been 
generalised, there is often considerable hill debris and lateritic 
cover, and also a great deal of phyllite is undoubtedly interbedded. 
In such a succession of beds of phyllite and chert the latter resists 
weathering and thickly strews the hill-tops and slopes with debris. 

On the western and northern sides of Jhiliug Bum, the cherts 
are variegated or mottled in colour, red, white and even green 
and yellow. In places at the north end of the hill, instead of the 
more massive outcrops usual in this vicinity some cuttings have 
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(^ned up sericite-schists, showing two desvages, in which there 
are lenses of chert. The massive cherts exposed in a road catting 
here have been coarsely brecciated and re-silicified. Such breccia- 
tion is a common feature of the massive cherts almost wherever 
they occur in this area. It is suggested that the cherts, instead 
of yielding to folding, were thoroughly shattered by the fold move- 
ments and were re-silicified. 

Along the east side of the ridge south of Nalda, manganese is 
associated with dolomite and cherty quartzite. The dolomite is 
also cherty in patches and is much recrystallised. In many of the 
cherts in Singhbhum the outlines of carbonate rhomlwhedra, now 
infilled with chert but lined with hematite, have been observed. 
There is the jmsibility that carbonate rocks were originally much 
more widespread but have been removed by solutions leaving only 
the associated chert. I have no definite opinions on this, but it 
would provide an alternative to the origin of the chert breccias 
suggested above, the breccialion being due to collapse after removal 
of the lime. 

Manganese deposits are often associated with the cherts. Visit- 
ors, familiar with the South African manganese deposits, have 
compared these cherts with the “ surface quartzites ” of the South 
African deposits, remarking that the cherts would not persist in 
depth. This may be true of any particular mass of chert, because 
of its lenticular character, but it is not true of the cherts in general. 
They are clearly pre-Kolhan in age, as their pebbles make up the 
greater part of the Kolhan conglomerate, as for example on the 
north side of Jliiling Bum. 

Experience has shown that the highest grade manganese deposits 
are associated with chert. It appears that the chert was more 
readily susceptible to complete replacement by manganese than was 
the phyllite. 

The handed-hematite-quartzites and iron-ores, and their origin. 

The banded-hematito-quartzites of Sin^bhum and adjacent areas 
have been previously described in such detail that there is no need 
of repetition. It is unfortunate that sucdi a cumbersome name 
has been given to them, even although locally it has been shortened 
to B. H. Q. ; the term banded jasper would have been preferable, 
providing the recrystallised nature of tiie quartz in many places is 
remembned. 
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In the field all gradations can be seen between massive chert and 
jasper through coarse and fine-banded chert and jasper, to the 
normal fine, close-banded hematite-qaartzite. Quite commonly, at 
the base, the latter grades to massive chert and jasper, and these 
occur also within the body of the banded quartzites. Just as the 
latter vary microscopically from fine chert to relatively coarse 
granular quartz, so also similar gradations in recrysiallisation of the 
quartz in massive chert have been observed. 

Within the zone of banded-hematite-quartzite occasional l>ed8 
of phyllite can sometimes be seen in quarry faces, but they rarely 
appear in outcrop. 

Close folding may be observed almost everywhere in these 
banded quartzites, and occasionally ovcrfolding, as at Gua. Quite 
commonly the fine bands are minutely puckered, and, at first sight, 
it is difficult to appreciate how such minute folds could have been 
imparted to such a competent rock. However, its finely lamin- 
ated character and its high hematite content is the probable ex- 
planation, for, under pressure, the ferruginous laminae would readily 
yield, the thin silica layers following suit. 

Experience during the past few years in working the mine quar- 
ries has shown that the bulk of the iron-ore has been formed by 
enrichment within banded-hematite-quartzite, enrichment within 
phyllite being less important. This is particularly the case so far 
as hard massive ore is concerned. Irregular distribution of the ore 
is due almost entirely to irregularity in enrichment of the banded 
quartzite, and very rarely to faulting. 

The origin of the banded-hematite-quartzites has been so fre- 
quently discussed previously that little need be said here. How- 
ever, I should like to repeat the warning which I have made else- 
where,^ that a common origin is not to be found for all banded 
hematite-quartzites throughout the world. The banded greenalite 
rooks of the Mesabi Range, U. S. A., are different in origin from the 
ribbon jaspers of the Gogebic Range, U. S. A. Within my own 
experience in various parts of Singhbhum, I have seen banded-hema- 
tite-quartzites, of similar appearance, derived by silicification of 
fine-banded oxidised hornblende-schists, ferruginous phyllites and 
tuffo, and recently of ferruginous fine Kolhan sandstones. I am 
prepared to admit that these more extensive banded 

I J. A. Dumi, Mem, Oed, Swrv. Ind„ 69 (1), pp. 208-9, (1936), and Tmn^. Aust, 
Imi. Mim. MH., Ill, pp. 161-3, (1988). 
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hematite-quartEites in South Singhbhum may be original cherty sedi- 
ments, but apart from their extensive character, I have seen no evidence 
contrary to the suggestion that they are silicified fine-banded oxidised 
tn£k. 

Since the completion of the survey of the Iron-ore Series in North 
Singhbhum in 1926, I have persistently stressed the igneous character 
of the Iron-ore period there and in East Singhbhum. I was then 
under the impression that extrusive rocks were not so typical of 
the Series in South Singhbhum and Keonjhar. The recent re- 
survey has demonstrated that the extrusive igneous nature of much 
of this area had been overlooked and it is as characteristic here as 
in North and East Singhbhum. There is, in fact, nothing in South 
Singhbhum that is opposed to the views on the origin of these rocks 
built up from evidence accumulated in other parts of Singhbhum. 
As in these other parts, the tuffs and lavas were poured out largely 
under terrestrial conditions, oxidation was in progress accompanied 
by silicification of the oxidised rocks. Although hot waters were 
probably largely responsible for this silicification, neither the iron, 
nor the silica, nor the water were to any extent of direct magmatic 
origin. The waters were meteoric waters, heated by rising steam 
in this volcanic area, just exactly as are geyser waters in such ther- 
mal regions as Botorua, Wairaki, or Yellowstone Park to-day. 
The iron was inherent in the tuffs, so also was the bulk of the silica 
in the adjacent rocks. The silica, leached from the underlying 
rocks by the heated meteoric waters, was deposited in tuffs and 
other sediments towards the surface, forming cherts which retained 
the banding of the original rocks. It is possible that the bremated 
structure of some of the cherts arises from collapse over severely 
leached areas below. 

Recognising the undoubted silicification which has taken place 
in this area, I no longer regard the extensive nature of the nuLin 
banded-hematite-quartidtes as being a barrier to regarding them also 
as a product of silicification. But yet, in a region of extensive 
lakes, it would still be possible for the circulating waters, emerging 
as lake-bed springs, to spread their burden of silica over the lake 
bottom, to be intermingled either with fine tuff or fine ferruginous 
wash from the shores. 

Of the last hypothesis we have no evidence in Singhbhum ; 
it renoains an hypothesis the possibility of which cannot be denied. 
Evidence of silicification is so widespread, however, that we have 
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at least to admit the origin of many banded-hematite-quartzites 
from this cause — and such banded quartzites are formed by silic- 
ification of several different rock types. 

Enrichment of iron both by desilication and by actual re-arrange- 
ment of Fe^Oj^ no doubt took place also at this stage to some eictent. 
But it cannot be postulated that the blue dust ” — i,e., fine incoher- 
ent hematite, varying to hematite-quartz powder, ])reserving all the 
fine banding of normal hard banded-hematite-quartyite with which it 
is associated — can have originated at this time. Rucli I li e dust, or 
desilicated banded -hematite-quartzite, could never have retained its 
fine banding through all the close fold movements following not 
only the deposition of the Iron-ore Series, but also the Kolhan 
Series. At Qua, for example, there are excellent sections of blue 



Fig. 5.— Sharp uvcrfoldinp in “ blue du«t 

dust in which the fine-banding preserves all the delicate sharp 
horizontal recuml)ent folds of the original banded-heniatite-quart- 
zite, fig. 5. In one such section, between the thin layers of blue dust, 
there are thin layers of white, grey, buff and pink argillaceous 
material, which, on examination with a lens, is found to be closely 
slickensided not only along the bedding, hut also acutely across it 
(fig. 6). Sometimes such thin clay layers are crossed diagonally by thin 
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clay 

blue dusl 
clay 


Flo. 6.- -SliikpnMdt's HI il.i) l.iyor8. 

parallel veinlets of white clay. It is obvious that the whole mate- 
rial had been closely sheared during folding. The desilication which 
gave rise to the present “blue dust”, must be at least post- 
Kolhan and is probably Recent in age. 
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From this oooclTisioa it should not be interpreted that I believe 
the period of enrichment of FegO, to form the iron-ore deposits 
was also Recent. Enrichment took place at any stage in the 
geol(^caI history of this area when conditions were suitable. Some 
of the iron-ore enrichment accompanied the silicification of the 
banded-hematite-quartzites. Further enrichment probably took 
place when the area was a land surface during Kolhan times. The 
Kolhan conglomerate contains iron-ore pebbles and it is even an 
iron-ore conglomerate at several points. That much of the enrichment 
is also Recent is shown by the frequent surface concentration of 
FcjOj as well as by the blue dust. Whenever and wherever these 
rocks were exposed at the surface, and subjected to circulating waters 
during their geological history, re-arrangement of Fe2()3 was in 
progress. 
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HI. THE SINGHBHUM GRANITE. 

The Singhbhum granite has b(‘en described previously in suffi- 
cient detail^ so tliat no lengthy description is necessary here. I 
would, however, remark that gneissic banding, due to complete 
granitisation or absorption of schists of the Iron-ore Series, is more 
prevalent in South Singhbhum than elsewhere in this granite mass. 

Although intrusive into the Iron-ore Series, all the evidence so 
far accumulated indicates that the Singhbhum granite, here in 
South Singhbhum, was pre-Kollian in age, the basal beds of the 
latter b(‘ing deposit<*d on its denuded surface. This does not 
mean to say that no granite intruded into the KoUian Series — 
so far as we know none did in South Singhbhum, but, in Bhal- 
bhum, there is a group of rocks, known as the Dhanjori group, 
which, from one point of view, might be correlated with the Kolhan 
Series, and which is intruded by soda granite. However, I do not 
believe that, on the full evidence, a correlation between the Dhan- 
jori and Kolhan rocks can be supported. 

It is of interest to note that, occasionally, immediately below 
the Kolhan conglomerate, there is evidence of weathering of the 
granite during Kolhan times. The granite at these places grades 
to a sericitc-quartz-rock, not unlike an arkose. The hybrids were 
also affected similarly. 

1 J. A. Donn, Mem, Oeal. Surv. Jnd., 54, (1929). 

H. G. Jones, Mem, Oeol, Sarv, Ind,, 63 (2), (1934). 
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IV. THE KOLHAN SERIES. 

The Kolhan basal sandstone-conglomerate. 

The main boundary. 

The description of the basal bed of the Kolhan Scries may be 
conveniently commenced from Chaibasa. There are certain anom- 
alies around Chaibasa which will be discussed lati*r, but for the 
present the outcrops of purple sandstone, about which there is 
no doubt, will be traced. 

The basal bed is clearly exposed in a railway cutting below 
the road, about one mile south of Chaibasa station. Here it 
consists of a fine-bedded flaggy sandstone, of purplish colour, rest- 
ing unconformably on highly altered basic igneous rock, granite, 
and hybrid rock formed by the granitisation of the basic igneous 
rock. There is no sign that the granite intrudes into the sand- 
stone, but on the contrary there is an old pebble surface, about 
6 inches wide, between the two. The sandstone is more or less 
horizontal, with a tendency to dip west, but there are a few minor 
sharp folds, or puckers, with some faulting. From adjacent 
quarries it is evident that the basal bed on the eastern side of 
Chaibasa is at least 25 feet thick. 

The purple sandstone here is typical of this rock throughout. 
It consists of rounded and sub-angular grains of quartz, felspar 
(orthoclase, microcline and plagioclase), fine chert and jasper, fine 
sericite, sometimes fine chlorite and talc rock, and occasional 
flakes of muscovite. The grains are not always of even size. Quartz 
is easily dominant and is usually strained. Felspars are often 
sericitis^. Around each grain there is typically a rim of hema- 
tite, but later cementing quartz is usually in optical continuity 
with the quartz grains across the hematite rim. An argillaceous 
cement is rare. 

The main boundary of the KoUian Series can be followed south 
as a line of low sandstone ridges, raised slightly above the granite 
surface on the east and Kolhan shales on the west. 

South-east of Kamarhatu the sandstone is manganiferoua, alter- 
ing to a manganiferous laterite, and along its upper surface, in 
the altered overlying rocks, deposits of manganese have been 
quarrkd. Similar deposits are found at Kelendeh and Kasia, 
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six miles south of Chaibasa. There are certain peculiarities about 
these deposits which will be discussed later (page 358.) 

At Kelendeh a north-west striking fault off-sets the boundary. 
As exposed in some manganese quarries, the beds immediately 
along the walls of this fault dip steeply to the north-east. The 
continuation of tliis fault to the north-west can be 8(»en in a rail- 
way cutting where th(‘ highly disturbed phyllitic shales contain in- 
numerable veins and vughy spurs of white quartz. 

At Tekoroliatu tlie sandstone is very thin and Kolhan shales 
actualiv come in contac t with underlying quartz-schist in a railway 
cutting. Although covering quite a wide area to the south, in conse- 
quence of its horizontal disposition, the sandstone is usually only 
a few feet thick, and frequently, as around the railway cutting 
east of Tutugutu, the granite peeps up from below it. The sand- 
stone also app(‘ars to show a tendency to thin out to the west, 
and granite crops out at Tutugutu and Indkuri, both limestone 
and shale coming in (‘onta(‘<t with the granite. That this is not 
due to faulting is shown by the boundary around Bingtopang, 
where the sandstone-conglomerate thins out and the limestone 
rests directly on the granite. 

Jones remarks that granite veins can be seen in the sandstone 
on the liillock just west of mile 6 on the Hat Gamaria road.^ This 
hillock was carefully examined and graniU' veins in a hybrid rock 
were seen, but this latter rock is entirely different from the purple sand- 
stone which overlies it on the main part of the ridge just to the 
west, and of which the hillock is the eastern end. The hybrid 
is similar to the hybrids which occur unconformably below the purple 
sandstone in the railway cutting at Chaibasa. No granite veins could 
be foimd in the purple sandstone. 

South-west of Bingtopang the strike of the sandstone and 
overlying limestone becomes very regidar. Dips vary from hori- 
zontal to 5® westward. Even here, where ^sturbance is at a 

minimum, quartz veins are abundant in sandstone, limestone 
and shale. Conglomerates are sometimes si'en in the sandstone, 
as a rule at the extreme base. The pebbles in the conglomerate, 

as far as Kendposi, are usually of qiniriz, but jasper, banded 

hematite-quartzite, chert and sandstone-quartzite pebbles also occur. 
At one place, east of Indkuri, W'here an inlier of granite projects 


^ H* C. Jones, (oc. eii», p. |88. 
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above the limestone, a pavement of this conglomerate, consisting 
of 6-inch to 12-inch boulders of granite in a meagre sandstone 
matrix, is exposed. 

Jones mentions that west of Siinjang the granite has indurated 
and bleached the sandstone. I visited this section with Jones 
in 1922 and was jointly responsible for this interpretation. After 
further close examination I now do not regard it as providing the 
slightest evidence of intrusion by the granite, and with this view 
Dr. Heron and Dr. Fox, who recently visited this section with 
me, are in agreement. Such local bleaching and silicification is 
common enough in this basal sandstone either close to or away 
from the granite. The white rock differs only from the purple 
sandstone in that there is no hematite rim to the quartz, felspar, 
chert and other grains, and the quartz grains interlock. At this 
locality, a little debris of a peculiar dense grey chert overlies the 
sandstone ; a very thin bed of similar chert overlies the sand- 
stone west of Nurda. In both cases the chert contains a few 
angular quartz grains, some fine hematite and irregular patches 
of fine argillaceous material which the chert appears to liave re- 
placed. It is probably a replacement of limestone or shale. 

South from Siringsia the Kolhan land surface was more irre- 
gular and the basal sandstone and limestone arc absent for a spac^e, 
the shales resting directly on granite or on hornblende-schists, 
cpidiorites and banded-hematite-quartzites of the older rocks. Some- 
times a conglomerate a few inches thick may be found. The Kolhan 
beds are perfectly horizontal and the thin basal sandstone west of 
Nurda forms quite a well-defined little scarp. 

South of Nurda a much faulted and folded group of sandstones 
(with conglomerate) and shales extends east from the main bound* 
ary. This locality will be described later as there are certain 
anomalies associated with it. 

South-west from Kendposi it is noticeable that, particularly at 
the base, massive white felspathic sandstones varying to arkosc 
or conglomerate containing quartz and occasional jasper pebbles, 
now become associated with the purple sandstone. Outliers are 
found away from the main boundary, resting horizontally on 
granite, hornblende-schist or quartzite, and at times ridges of the 
latter project up through such sandstone or conglomerate. It is 
noticeable that the outliers farther east are thicker and contain 
more of the white msasive felspathic sandstone and conglomerate. 
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Along the Deo nadi, jnst north of Mungra village, is the section 
first found by Jones. Here, a thin bed of conglomerate, 12 inches 
to 2 feet in thickness, rests on the granitiscd schists of the older 
series and on recrystallised banded-hematite-quartzite. Overlying 
it just to the north, and dipping gently northwest, is a thin bed of 
shales followed by limestone. Following its strike south-westward 
the conglomerate may be found in the fields towards Baliadi, where 
it thickens somewhat for a short distance and dips to the north- 
west at 10°. South-west of Konslapos it rests on chert and granite, 
and, near the road, on granite which had been altered in Kolhan 
times and now resembles an arkose. A hybrid, with greenish 
tint, is also present, pebbles of which may be found in the con- 
glomerate towards Konslapos. The conglomerate can be traced 
in the fields towards Bara Nanda. 

I must here reply to verbal criticism which I have heard made 
on Jones’s rock identifications west of Jagannathpur. Owing to 
unfortunate generalisation in the reduction of Jones’s original maps 
from the 1-inch to the |-inch scale, there are places at which it 
would appear from the ^-inch published map that Jones had 
mapped as sandstone certain peculiarly altered granites and hybrids 
beneath the basal bed. I am personally aware that Jones did 
recognise the igneous character of the underlying rocks and his 
original manuscript 1-inch maps demonstrate this. 

The features of the geology between Bara Nanda and Buru- 
hatu are not accurately delineated on Jones’s map. The con- 
glomerate does not continue across from Bara Nanda to Buruhatu. 
At Bara Nanda it rests on granite to the east and on quartzite to 
the south. The conglomerate on the quartzite is silicified, prob- 
ably from proximity to a fault along the quartzite which has let 
down a very small outcrop of conglomerate on the south slop«! of 
the quartzite. In the stream immediately to the south there is 
a tongue of granite e.vposed between the quartzite and the lava, 
and the granite may be seen intntding into the lava. Also, there 
is a small section here, in a branch of the nadi, of a 6-inch bed of 
horizontal silicified sandstone-conglomerate resting on granite con- 
taining included blocks of quartzite. 

The outlier of conglomerate at Buruhatu increases to at least 
20 feet in thickness, in consequence of the gently undulating nature 
of the exposed old lava surface in Kolhan times. West of Bara 
Nanda a thin bed of finely banded fine-grained sandstone occurs 
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at intervals along the edge of the lava, but just as near Siringsia 
it occasionally thins out, so here also it is absent in many places, 
and shales rest directly on the lava. However, in some places, a 
thick cover of alluvium may obscure sandstone. Some jasper 
and chert is to be seen along the upper surface of the lava here. 
In some places little promontories of lava project above the hori- 
zontal shales. 

South of Itar Baljori horizontal fine-banded shaly l)ed8 rest 
directly on the lava along its northern boundary. They are highly 
chloritic and apparently represent a fine wash from the lava. 
Thin siliceous beds grade to sandstone, and oxidation of the chloritic 
material gives it a fine-banded brownish red colour. It is not 
easy to judge where to class it as sandstone and where as shale 
for purposes of mapping. Further south it spreads horizontally 
over the lava as a thin bed. 

About IJ miles south of Kotgarh, where the road to Noamundi 
crosses the Barnal Lor, an excellent section is exposed in the bod 
of the stream just east of the road. Horizontal and gently un- 
dulating flaggy purple sandstones rest on the lava. The base of 
the sandstone, filling in hollows in the lava surface, is a pecmliar 
soft rock, in part a wash from the lava but containing also angular 
and sub-angular grains of quartz, chert, jasper, iron-ore and shaly 
material. It contains thin beds of hematite and also boulders of 
hematite. Above, is the typically flaggy sandstone, varying from 
grey to purple in colour, and in places high in hematite so as to 
become really an iron-ore, and occasionally ripple -marb'd. Some 
6 to 7 feet from the base there is a coarse soft conglomerate of 
lava, jasper and quartz pebbles in a lateritised sandstone matrix. 
A thin quartz vein cuts across the sandstone and conglomerate. 
Although horizontal in the stream bed, the base against the lava 
in the south bank has been tilted at 45'^ with upp«irently some 
differential movement. Immediately below the 8and8tf)ne the lava 
has been almost completely oxidised to a depth of several feet, 
but here and there less altered material remains ; cv(*n in the 
completely oxidised material traces of amygdules can be seen 
occasionally. Right at the contact the lava has altered to a 
massive hematite, and seams of hematite occur along what were 
originally joint planes in the less altered lava. This hematite 
is obviously the source of the detrital hematite in the overl 3 ring 
sandstone. SHckensided surfaces in the hematite indicate a certain 
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amount of movement. The alteration of the lava between Kot- 
^;arh and Noamundi, where it underlies the conglomerate, has 
been already described. 

Along the boundary there are, in places, fine hematite-sand- 
stones, apj)roaching iron-ores, or conglomerates consisting of pebbles 
of iron-ore, quartz and jasper, in a hematite cement, the cement 
partly replacing the jasper. Sometimes Kolhan shales come in 
direct contact with the altered surface. At other places later- 
itisation of both shales and altered lava makes the actual boundary 
a little obscure. Such lateritic material may l)e manganiferous, 
as to the south of Kumirta, 

We now approach the critical section on which the new deter- 
mination of the sequence is securely founded. So far, the above 
description has been in conformity with Jones’s mapping and 
interpretation (except that the purple sandstone is not intruded 
by the granite), as the sandstone-conglomerate had been mapped 
up to Noamundi mine — but not further. Jt continues west wan! , 
however. 

Sweeping around from Pachaisai to Toretupa there is a small 
escarpment facing south, of t} 7 )i(‘al purple sandstone ((piartz, jasper 
and iron-ore grains rimmed with hematite, and with <|uartz cement), 
sometimes conglomeratic at the base, overlying lava- -the latter is 
usually hematitised below’ the iinconfonnity and contains mu( h 
jasper. North-east of Mahiidi there are tw’o small outliers of the 
conglomerate forming hillocks above the lava — these conglomerat^es 
contain abundant pebbles of iron-ore and bande<l -hematite-quartz- 
ite and their debris has l>een collected and sent to the smelter 
as iron-ore. In the escarpment at Toretupa the sandstone-c^on- 
gk»merate dips gently north below' flat-lying shales. This relation 
persists through iSangrarasai village, the vsaiidstouc liaving now' 
gradually given place entirely to congUunerat^^ w'hich is about 
20 feet thick where it crosses the stream north of the railw'ay line 
and west of the village, and dips gently north at 5^-10"^. West 
of the stream it covers the northern slopi' of the hill north of the 
line, then, about 300 yards west of the stream, a fine section is 
exposed in the railway cutting. In this section it overlies a highly 
altered hematitic material, now in part phyllitic, some of which 
may be after lava but most appears to have l>een originally fine 
tuff. The old erosion surface between the conglomerate and the 
underlying rooks is clearly seen. The conglomerate is hard, 
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massive, and well-jointed, and quartz veins cut across the bedding. 
The pebbles of banded-hematite-quartzite, jasper, chert, quartz 
and iron-ore are in a well-bedded matrix of silicified sandstone. 

The conglomerate, dipping gently north, crosses the railway 
line. Along the fireline on the hillside above the next cutting, 
and below the laterite on the hill-top, the southern boundary of 
the conglomerate, striking east-west, is seen to overlie banded- 
hematite-quartzite which here strikes north-west dipping at 40®- 
60® to the south-west. The railway cutting below exposes Kolhan 
shales (phyllitic) which immediately overlie the conglomerate — in 
a mdi beneath the embankment, just east of this cutting, the 
shales may be actually seen resting directly on the conglomerate. 
The dips are usually gently north, but locally the shales may 
steepen even to 30®. The first signs of more acute folding in 
the Kolhan rocks now become evident and in consequence of this 
folding a tongue of conglomerate crops out north towards Merelgara 
and extends towards Baljori. However, still following the rail- 
way line, the conglomerate crops out as a wide north-sloping pave- 
ment along the southern side of the embankment south of Merel- 
gara, where the conglomerate boulders attain huge dimensions, 
consisting of great angular blocks of banded-hematite-quartzite 
up to even 6 feet across, obviously representing an old scree deposit 
on the banded-hematite-quartzite, which here must have projected 
as a cliH promontory on the old shore line. 

In the railway cutting north of Noamundi village the character 
of the conglomerate again changes. For the most part it is now 
a white sandstone-quartzite at least 25 feet thick, witli, however, 
beds of conglomerate 3 to 4 feet thick. Upwards, it grades through 
finely bedded flaggy fejspathic sandstones interbedded with phyl- 
litic shales, to purplish coloured phyllites. The dip is gently undulating 
but easterly, and towards the west end of the cutting the sand- 
stone-conglomerate is seen to rest on westerly dipping Iron-ore 
Series phyllites which soon turn to a southerly dip of 30®, the sand- 
stone persisting horizontally along the top of the cutting, resting 
on the truncated phyllites (fig. 7). The truncated ends of the 


£ 



Fk>« 7.---8eotion in laflway oattiiig iicath of Noammidi Tillage. 



THS KOLHAK SERIES. 


349 


phyllites have been dragged over at the bend in the sandstone, as 
would be expected. The Iron-ore Series phyllites here are pur- 
plish in colour, sometimes mottled white, rather more massive 
perhaps than the overlying well-cleaved Kolhan phyllites, but 
otherwise the two phyllites are indistinguishable. 

To the south the conglomerate crosses the road and occurs on 
two hills west of Noamundi village, where it varies from an iron- 
ore conglomerate, through a sandstone-conglomerate to a fine sand- 
stone-quartzite. The iron-ore conglomerate consists of hematitic 
pebbles in a matrix of hematite, and the debris from this has been 
mined as iron-ore. 

The conglomerate strikes north from the railway cutting towards a 
small outlier of banded -hematite-quartzite forming si hill to the 
south-east of Baljori, and joins up with the conglomerate from 
Merelgara, thus enclosing an area of Kolhan phyllites. Imme- 
diately to the south of the above-mentioned hill, an excellent 
anticline is exposed in the conglomerate. The liill, during dc/posi- 
tion of the conglomerate, was undoubtedly a promontory or small 
island. Although no conglomerate is actually seen to crop out 
at its base, conglomerate debris is plentiful around it. 

On the ridge to the south-west the conglomerate is often coarse, 
but frequently it consists of small pebbles of banded-hematitc- 
quartzite and jasper, about the size of a pea, in a fine sandstone- 
quartzite matrix. At the ridge top it is often an iron-ore, of 
iron-ore pebbles in a detrital hematite matrix, or even a tine 
gnt ” of hematite grains cemented by hematite. Sometimes it 
IS a fine-bedded brightly coloured sandstone-quartzite, containing 
fine grams of jasper and chert — ^with silicification this latter rock 
becomes cherty in places and very similar to a fine banded- 
hematite-quartzite. 

Perhaps the best exposure of the sandstone and conglomerate 
occurs along the Kantoria fiadi to the west. Here it attains a 
thickness of at least 250 feet, even allowing for the gently undulating 
nature of the dips. On the ridge to the east it rests on a bed of white 
chert, which is also foimd in the stream. Iron-ore Series phyl- 
lites just to the south are highly contorted, but further south still 
their dips are westerly. The sandstone-conglomerate is con- 
glomeratic at the base with boulders up to 12 inches diameter 
of chert, jasper and a bujff coloured sandstone-quartzite, all in a 
buff sandstone matrix. Descending the stream with the dip for 
half a mile, alternating beds of sandstone and conglomerate are 

d2 
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passed over, usually well-bedded and often flaggy, the pebbles 
becoming rather smaller higher in the sequence. 

West of the stream the general strike of the base of the Kolhan 
Series turns sharply north, but at the turn the base shows close- 
folding. A close-folded syneline strikes south across the railway 
line and is well exposed in a cutting. The isoclinal folds can 
be followed and the sandstone-conglomerate is seen to be strongly 
sheared. Beds of phyllite are present, but owing to the strong 
shearing it is not certain whether these are of the Kolhan or the Iron-ore 
Series. This syncline dies out before reaching the road to the 
south. On the hill slopes north of the line, however, thin pinched- 
in bottoms of the sandstone synclines can be seen in the Iron-ore 
Series phyllites, and mapping here can only be diagrammatic. 

The main outcrop of conglomerate covers the eastern slope 
of the lidge south of Param Baljori, and, in a prospecting trench 
on the ridge-top, it is seen to rest on Iron-ore Series purple phyl- 
lites. The conglomerate here is of hematite pebbles and is almost 
an iron-ore. It is only about 60 feet thick — a sudden diminution 
in thickness from the 250 feet in the stream to the east. However, 
it has been noticed that rapid changes in thickness and lithology 
are characteristic of this basal bed. The dips now steepen, some- 
times up to 70^, and in the overlying phyllites only cleavage dips 
can be recorded. Further north such local steep dips become 
common. West of Param Baljori yet another syncline of sand- 
stone-conglomerate projects south from the main strike. 

To the north, the upper part of the sandstone-conglomerate is 
often high in iron, forming sometimes an iron-ore conglomerate. 
The dips of the basal bed are rolling, but usually flat. Half a 
niile N. N. E. of Kantoria, the dip is vertical for a short distance 
and, to the east of this point, a pinched anticline of the upper fer- 
ruginous conglomerate of the basal bed pitches north below the 
Kolhan phyllites. North-east of Kantoria a silicified tuff breccia, 
with highly limonitised amygdaloidal lava, immediately luiderlies 
the sandstone. 

The sandstone was followed close to the northern edge of the map, 
around Hesalberel Burn, where it is again of considerable thickness 
but with rolling dips, and overlies phyllites which dip north-west 
at 70®. It varies from fine to coarse grained white sandstone- 
quartzite, often fekpathic and sometimes conglomeratic, with quartz 
pebbles dominant but with some jasper. Its eastern or upper 
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edge is again an iron-ore conglomerate. To the east, the Kolhan 
phylhtic slates are ferruginous. 

Where mapping of the conglomerate was finally stopped, the 
base of the Kolhan Series strikes parallel witli the general trend 
of the Iron-ore Series, with the result that signs of the unconformity 
at its base are now obscure. 

The sandstone-conglomerate, with its overlying impersistent lime- 
stone, and shale, has, then, been followed for some 00 miles south- 
west from Chaibasa. It is almost continuously persistent, except 
for a short distances within which tlio strike of the immediately 
overlying shales can be followed. As it happens, hovrever, the 
places where it thins out are immaterial to tiic demonstration of 
the proof of the existimee of the two series, and the conglomerate 
is best developed where it is so essential to that pioof. It has 
been slioun that tlie conglomerate overlies in succession granite, 
lava, tuff, banded-hematit(‘-quartzite and phyllite. Where it con- 
tains the coarsest pebbles of banded-liematit(^-quartzite and jasper 
there it imm<‘diately overlies outcrops of these roeks, whilst its 
fine sandstone faeies is best developed over granite, lava and 
phyllite. This is what one would expwt, tin' banded-heinatite- 
quartzite forming promontories on the old shore line, against which 
coars(' screes \Nould be formed, pebbles diminishing along the shore 
line away from these promontories. \Miere flat lying, over granite 
and lava, the sandstone is usually piirjde in colour, whereas over 
phyllite, where the dips arc usually steep, the coloui is white or 
buff. It is not at all improbable that tlie hematit*" cement is 
due not only to detrital hematite from the denude<l rocks, but 
also in part to solutions since deposition. Over granite, lava, 
and liandeil-hematite-quartzite, the dips of the Kolhan Series are 
hoiizontal or gentle, but over phyllites they immediately become 
steep and the Kollian Series is closely foldwl. The granite, fresh 
lava and banded-hematite-quartzite resisted further folding, whereas 
the Iron-ort* Series phyllites were still able to yield to post-Kolhan 
earth moveunents and the Kolhan Series, resting on them, became 
infolded with tlie plastic basement. 

Outlying conglOxMerates. 

The increase in amount of folding along the westeni edge of 
the main Kolhan basin has been already noted. This close-folding 
persists further west, and the basal Kolhan htnl has been folded 
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down here and there within the area of the Iron-ore Series, as 
small outliers. 

West of the main boundary, north of Eantoria (22® 12': 
85® 27'), there are several small outliers of white Kolhan sandstone, 
surrounded by Iron-ore Series phyllites, and usually occurring on 
the hill-tops. On the ridge-top about IJ miles N. N. W. of 
Kantoria, there is one interesting little outcrop consisting of a 
layer of conglomerate, no more than 12 inches thick, which dips 
g(‘ntly north and rests unconformably on steeply dipping purple 
phyllites and tuffs of the Iron-ore Series. The debris from this 
eonglonierate, now almost comj)letely denuded, is strewn down the 
hill-side. About half a mile west of this oocurrem^e there is an 
elongated outcrop of sandstone, varying to conglomerate, which 
strikes S. S. W. for over two miles. In places it is shear*Ml, and 
ill others, jiarticularly on the eastern side, it Ls seen to overlie the 
Iron-ore S^^ries phyllites and lava. It represents a narrow syncline, 
overthrust in places. 

At the south end of a railway cutting about half a mile south- 
east of Thakura (22 ' 13', 85® 24') a conglomerate, ( ontaining bandeil- 
hematite-quartzite, jasper and quartz pebbles, is exposed. It is 
apparently a sharp syncline much disturbed on its north-west 
side. At first the possibility was considered that it might join 
up along the strike with the elongated outcrop just described, 
but careful traversing of the hillsides failed to bring to light con- 
tinuity between the outcrops. Much care was taken over this 
particular locality as there was the possibility that this sandstone- 
conglomerate bounded another basin of Kolhan phyllites to the 
north. 

Immediately north of Diriburu village (22® 12', 85® 25') a 
small patch of conglomerate, containing banded-hematite-quartzite, 
jasper, chert and iron-ore pebbles, overlies an altered lava. Other 
patches of white sandstone occur in the hills further north. 

The most important outlier of the Kolhan basal bed is at Jhiling 
Buru, south of Qua, where the conglomerate consists of hematite 
pebbles in a hematite matrix, and is so rich in iron that it is mined 
as an iron-oro. Within the quarries, the bed is seen to be closely 
folded. On the south-eastern side of the ridge, it rests uncon- 
formably on on altered and sheared lava and phyllite ; on the 
western side, on a white and grey chert, often breociated. Along 
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the road, just south of Gua village, the conglomerate is seen to 
rest horizontally on an eroded surface of red jasper. On the 
north side of Jhiling Bum, and across the river, where it also 
tests on jasper, it has changed to pebbles of banded-hematite- 
quartzite, jasper and chert in a fermginous sandy matrix. From 
immediately south of the power house the conglomerate bed can 
be followed to the west across a stream and along the northern 
face of a ridge. On the east side of the stream, it overlies sericitic 
schists and chert, the schists having two cleavages. On the west 
side of the stream the conglomerate overlies mottled and brecciated 
cherts, and dips to the north at 40'' below shales which are seen 
to rest confomiably u]>on it. It contains a little manganese here 
in addition to iron. Further west it swings to the south-west, 
dipping north-west, and here it becomes lost below the hill debris. 
It will be noticed that this last dip, where lost, is parallel to the 
Iron-ore Range and is below the phyllites which underlie the banded- 
hematite-quartzite of the range. Unless we are to assume that 
all the phyllites below the banded-hematite-quartzite of the range 
are of the Kolhan Series, we must admit the existence of strong 
overthrusting here, amounting to several hundred feet of difEeren- 
tial movement. To the south-west the Iron-ore Range is offset 
and in the saddle between the offset ridges outcrops of phyllite 
and lava occupy presumably an overfolded anticline. It is sug- 
gested that the proposed overthrust is connected with this over- 
folded anticline. 

On the ridges to the south of the Jhiling Bum mine workings 
some debris of conglomerate represents denuded outcrops, assoc- 
iated with some lateritic manganese deposits over phyllite and 
chert. 

On the east side of Jhiling Burn, the conglomerate is seen to 
underlie shales. Immediately overlying it is a 6-inch bed of 
greenish and reddish, hard, almost flinty shale which breaks with 
a hackly fracture — this was also foxmd overlying the conglomerate 
at the foot of the ridge to the north-west of Jhiling Buru. Along 
the river bank the well-bedded arenaceous shales, with lenticular 
bands of fine arkose-conglomerate, are gently folded and are quarried 
for building material. As the phyllites and lavas on the east 
side of the river are of the Iron-ore Series type, there must be a 
N.N.W. -striking fault along the river — ^the necessary down- 
throw is not more than 50 feet. 
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From the eastern side of Jhilmg Bum, the conglomerate can 
be followed in a south-easterly direction. It is now much thinner, 
perhaps 15 feet, and its character has again rapidly changed to a 
bufi coloured sandstone-quartzite with small occasional pebbles of 
banded-hematite-quartzite, Jasper and white chert. It overlies 
lava. Crossing the Karo river it becomes interbedded with shale 
bands on the eastern bank, then turns almost due south as a well- 
defined bed of conglomerate, dipping at first steeply east, then 
flattening to horizontal, and then, in the stream bed just north- 
west of Bokna, dipping north-west and overlying phyllites of the 
Iron-ore Series on its eastern side. Just west of this last section 
the conglomerate is highly sheared, a characteristic which persists 
to the south. The only explanation which satisfactorily fits these 
relations from Jhiling Burn southwards, is that a fault on the east 
side of the conglomerate towards the north crosses the conglomerate 
at an acute angle at about the place where it lies horizontally, an<l 
then continues as a shear zone in the conglomerate further south. 

On the map, a wide zone of conglomerate has been shown be- 
tween Bokna and the Karo river. North of the road the ridge 
is thickly covered with debris, and, on the western side of the hills, 
with laterite which is often sufficiently high in manganese to be 
mined as manganese-ore. But abundant conglomerate debris, often 
an iron-ore conglomerate, is scattered over the laterite and, here 
and there, folded outcrops of it may be seen. Along the road- 
cutting near the Karo river the west side of the conglomerate is 
considerably sheared, apparently by overthrusting from the west— 
the shearing persists along the strike to the tributary stream some 
half a mile south of the road, where the conglomerate ends. It 
is ob\ious that the whole of this zone is closely folded and sheared 
and that underlying phyllites of the Iron-ore Series are probably 
folded in with the conglomerate below the thick mantle of soil 
and debris. The south-eastern extremity of this conglomerate, 
represented by a coarse sandstone, rests almost horizontally on 
lava to the south, the east aide being apparently faulted. 

On the same line of strike there is a small outcrop of sandstone 
half a mile further south, west of Uliburu. 

North-east of Bokna a flat syncline of conglomerate and sand- 
stone occupies the top of the ridge striking N. N. £. The lower 
16 to 20 feet are of conglomerate, the upper beds are of fine 
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sandfitone. At the north end sandstone-conglomerate rests on lava, 
and at the south end on steeply dipping phyllites and altered lava. 
The dips of the sandstone are at a flat angle inwards towards 
the centre of the ridge and the underlying rocks crop out within 
60 feet of the top. 

Spencer has already described^ the band of conglon»erate which 
strikes S. S. E. from just west of Jamda station, whore it underlies 
phyllites, to the Nalda nulla and along the west side of the ridge 
east of Uliburu. Spencer did not, however, indicate the structure 
of this bed at its northern end where it underlies purple phyllites. 
These phyllites are finely fragmental and may possibly be tuffs. 
Just to the north of the road, in the railway cutting, they are seen 
to be folded into a crumpled anticline, with a sharj) small anti- 
clinal cap of the sandstone peeping up above the bottom of the 
cutting tow’ards the west end. To the north-east the rocks are 
covered by thick laterite, and only one little patch of conglomerate 
is seen again just north of Jamda station. Spencer remarks that 
the dip of the conglomerate is regular where it crosses the Nalda 
naUa, but 1 find that the dips at this point are anything but regular, 
some being north-west, some north-east, although the general trend 
of the strike is N. N. E. The actual thickness of conglomerate 
is, therefore, only a fraction of that indicated by Spencer. On 
the hill to the south it is covered by laterite, but outcrops are again 
found on the ridge east of Uliburu. Conglomerate is well developed 
immediately on the east side of the \illage and again near the ridge- 
top. Cropping out between the tw^o there is a fine banded rock 
which, at first, was mapjied as banded-hematite-quartzite. On 
closer e^^amination, however, this was found to consist of well- 
rounded grains of iron-ore, jasper, and chert with a fewr of tine 
quartzite, in a matrix of fine chert. ISome of the beds are mainly 
of hematite, others of white chert. Inder the microscope the 
chert bands are seen to contain nimierous small hematitised rhomb- 
ohedra which were probably originally carbonate. The rock is 
apparently a ohertified sandstone-grit which exactly simulates 
banded-hematite-quartzite. The western side of these Kolhan 
shales and sandstoncHonglomerate between Jamda and Uliburu is 
presumably faulted. Spencer records another patch of conglom- 
erate west of Jhargaon (22° 03', 86° 23'). 

^ K. &i>enof>t» JVotM. Min. Otol. Inst. Ind., 26, p. 323, (1933). 
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There is little doubt that further outliers of this basal conglom- 
erate, and possibly of its accompanying phyllites, will be found. 
It is quite conceivable that the thick mantle of alluvium and 
laterite in the valleys between the iron-ore ridges may conceal 
quite extensive areas of Kolhan rocks. 

The sandstone-conglomerate in Keonjiiab. 

Wide outcrops of sandstone extend south along the eastern 
border of the iron-ore area from near Bhondgaon (22° 05', 85® 35') 
in Singhbhum into Keonjhar State. This part of Keonjhar State, 
shown on the map which accompanies Joneses memoir, was sur- 
veycid by Dr. Krishnan, who naturally interpreted his mapping 
on the basis of the sequence which had at that time been accepted 
as conclusively proved by Jones’s sections. The sandstones in 
Keonjhar are shown by Krishnan to extend westward, along trans- 
verse valleys, around the banded-hematite-quartzite at Churia Pahar 
(22® or, 85® 28'), north-west of Surguturia (21® 69', 86° 27') and 
south of Gurubera (21® 68', 86® 26'), just as would be expected if 
these flat-lying sandstones should underlie the Iron-ore Series. Such 
a relation was inconsistent with the now known fact that the Kolhan 
conglomerate rests on the banded-hematite-quartzite, so that there 
was the possibility that these outcrops of sandstone-conglomerate 
in Keonjhar might be of an older lower Iron-ore Series sediment. 
Accordingly the critical places were examined. The sandstones 
were found not to persist up the valleys as had been previously 
shown on the map. There is certainly faulting in places along 
this boundaiy — ^faulting which I believe is somewhat recent — but 
there is sufficient evidence to confirm that the sandstone rests on 
the granite, lava, phyllite and banded-hematite-quartzite, each of 
which it overlaps in turn. Its dip is undulating, but, quite 
commonly, in consequence of faulting, the dips even close to the 
boundary may be gently westward, towards the older rocks, a 
feature which was consistent with the old interpretation and which, 
therefore, gave no clue to the latter’s incorrectness. 

Near Bhondgaon, Kondra and Dudwan the rock is a typical 
flaggy purple sandstone varying to a fine conglomerate with the 
usual chert, jasper, banded-hematite-quartzite, iron-ore and quartz 
pebbles, but further south, and spread over a wide area, it is a light 
coloured massive bedded sandstone, only slightly silicified, contain- 
ing mainly grains of quartz, a little or^oclase and chert, and with 
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often a serioitio matrix. Small pebbles of quartz and chert occur 
occasionally. 

Around Bhondgaon and to the south the sandstone rests partly 
on lava and partly on granite. West of Kondra (22° 03', 85° 31') 
a small patch of conglomerate rests horizontally on granite ; on 
its western side dips are to the west but it is faulted, and in places 
sheared, against lava. West of Dudwan (22° 01', 85° 28') the 
sandstone is either horizontal, oi dips gently towards the east down 
the slope of the north-east spur of Churia Pahar, and is seen to 
rest on the lava. From here the boundary turns abruptly south 
of S. R. E. and, as seen on the south side of Churia Pahar, it is 
clearly faulted, tlie dips being gently towards the south, along 
the direction of the boundary. A steep nalla marks the boundary 
down the southern face of the hill, the east side of the iiaUa being 
sandstone and the west side chert and banded-hematite-quartzitc. 

On the eastern slope of Bara Parbat (22° 01', 85° 27'), about 
one mile west of the main sandstone boundary, there is an out- 
crop of sandstone and conglomerate which rests on the banded- 
hematite.-quartzite and dips to the east down the slope of the hill. 
Tlie conglomerate is of coarse iron-ore pebbles in an iron-ore matrix. 
In places it is fine grained and finely bedded, simulating normal 
laminated ore. Conformably overlying it at one place is white 
sandstone, t)q)ical of the Kolhan sandstone in this vicinity. 

South of Banspani Pahar (22° 00', 85° 27') sandstone dips to 
the south-east, away from phyllitic rocks which may be sheared 
altered lava, A short distance from the boimdary, the dip of 
the sandstone becomes horizontal and approaching the river gentle 
westward dips up to a maximum of 10° are observed. 

Around Surguturia (21° 69', 85° 27') there is more foulting and, 
also, laterite tends to obscure boundaries, but the gently dipping 
or horizontal sandstone is in contrast with the steep dipping banded 
quartzite. 

In the saddle west of Jajang (21° 56', 85° 26') the sandstmie 
rests on chert, and at the border is more or less horizontal with 
a tendency to dip east. 

Kolhan limestone. 

According to the analyses given by Jones and also that of No. 54/501 
on page 362, the Kolhan limestone is quite low in magnesia, but in- 
solubles are rather high. There are, in fact, all gradations to phyllitic 
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shale. The limestone is usually thin bedded and flaggy, a struo* 
ture which the Hos have found to be eminently suitable for its 
use as burial slabs. Its colour is variously pink, grey, white, and 
even greenish, and it may contain thin chert lentioles of the 
same colour. Thin laminae of phyllitic shale are abundant. Ripple 
marking has been observed on the bedding planes. Chlorite and 
sericite are usually abundant, and the rock has a pliyllitic sheen, 
with a well-developed cleavage parallel to the bedding. The rock 
has been more recr 3 rstallised than has been thouglit previously. 
Small quartz veins traverse the limestone in places. 

The limestone usually immediately overlies the basal sandstone- 
conglomerate, although a thin layer of shale intervenes between 
the two in places. The thickness of the limestone is variable ; 
in the hill south-east of Kundbera (22° 30', 85° 47') it is at least 
30 feet thick, but perhaps it attains its greatest thickness near 
Rajanka (22° 26', 85° 44') where it has been prospected by the 
Tata Iron and Steel Co. It sometimes thins out completely and 
is not found west of Jagannathpur (22° 13', 85^ 39'). It is sus- 
pected that certain calcareous shales to the west, shown on Jones’s 
map, represent the same bed. 

At the north end of the Kolhan basin, south of Chaibasa, where 
the dips of the bed are flat, the limestone spreads over a wide area, 
undulating below the phyllites. From the map it might appear 

that, here, it is separated from the basal sandstone by quite a con- 
siderable thickness of shale, but such is not the case. There is, 
apparently, much faulting in this vicinity and, in addition, there 
has been a remarkable alteration of the rocks by hot solutions.^ 
These have completely leached away the limestone which imme- 

diately overlies the basal sandstone along the eastern edge of the 
basin between Surjabasa (22° 28', 85° 47') and Madkamhatu 

(22° 32', 85° 48'), removing all CaCO^, leaving only an incoherent 
sericite-quartz-schist which has retained the bedding of the original 
limestone and in which thin chert lenticles remain. At the same 
time the manganese oxide of the underlying rocks has been leached, 
and has been concentrated in this altered material and in the sand- 
stone, the latter also being occasionally altered to a fine friable 

sericite-quartz-schist. The manganese-ore occurs in these altered 
rooks as thin lenticles parallel to the bedding, or as nodules. The 


J. A. Datui, Jtoe. €M. 8wv. 74 (4), pp. 447-47S, (1940). 
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early stages of this alteration can be seen in occasional outcrops 
of limestone in which the removal of CaCOj has left, in certain 
layers, a porous serieit e-quartz rock. It is probable that much 
of the very pronounced folding which is present in the adjacent 
phyllitic shales, is due, in part, to collapse over leached out areas 
of limestone. 


Kolhan shales and phyltites. 

Jones’s description of his lower shales ’ is largely that of the 
Kolhan shales and phyllites. They are sometimes quite phyllitic, 
even where they arc horizontal or flat-dipping, as near the south 
of Chaibasa. Here they have been permeated b}' hot solutions 
which left behind a swarm of quartz veins, and the rocks have a 
remarkable phyllitic sheen, notwithstanding the gently undulating 
nature of the beds and the normal absence of close folding. Where 
associated with outliers of conglomerate within the area of the 
Iron-ore Series, and where the dips arc steep and the cleavage 
oblique to the bedding the phyllitic texture is very apparent. 
Cleavage in the south-west portion of the basin may completely 
obi it crate bedd ing. 

Usually purple in colour these rocks are, however, often grey, 
buff or even greenish and sometimes may be slightly mottled. 
Although tlw‘ purple colour of many of the shales is inherent since 
deposition of these beds, it is. in other (’ases, due to later staining 
by iron oxide. Frequently such staining takes place during weather- 
ing and a rock which may be purple on the weathered surface 
may be grey or buff wht*n fractured. 

The typical shale or pliyllite consists of a fine dense argillace- 
ous material, often sericitic, which may or may not be stained by 
Fe^Oj. These rocks are commonly finely bedded. Immediately 
overlying the basal sandstone the beds may become more arenace- 
ous and grade through arenaceous shale to shaly sandstone. The 
phyllitic shale, which overlies the Kolhan sandstoiu* west of Jamda 
railway station, consists of fine grains of quartz, chert, iron-ore 
and muscovite in an indeterminate ratlier ferruginous matrix— 
this may be a tuff or a somew’hat arenaceous phase overlying the 
sandstone. 

Along the edge of the main Kolhan basin south from Kundbera 
(22® 30', 85® 47') and around to north of Noamundi village, the 
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shales are consistently horizontal or dip gently inwards from the border 
up to a maximum of 10®. From Noamundi northwards the dips 
steepen and the close cleavage, which usually obscures the bedding, 
is often vertical. 

Between Cliaibasa, Nimdih (22® 30', 86® 46') and Kelendeh 
(22® 29', 85® 48'), the phyllitic shales, although in places almost 
horizontal, are frequently steeply dipping and show unusual fold- 
ing and even close contortion. One such zone, extending N. N. E. 
from Nimdih, is apparently connected with considerable faulting. 
Other areas of contorted phyllite, north of Kelendeh and around 
Madkamhatu (22® 32', 86® 48'), cannot be so simply explained ; 
here the phyllites are riddled with quartz veins and it is not at 
all improbable that the disturbance is due to the removal of origin- 
ally underlying limestones in solution. 
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V. ANOMALOUS AREAS. 

Before completing this description of the Kolhan Series, two 
areas may be noted, within which shales and sandstones possess 
anomalous characters as compared with adjacent normal beds of 
the Kolhan Series. 

From Chaibasa to Noamundi the main basin of Kolhan rocks 
is relatively undisturbed, dips usually being from horizontal to 
gently north-westward. However, north of Hat Gamaria and east of 
the main Kolhan basin there is a local area in which shales and sand- 
stone-conglomerate have been highly disturbed, apparently by 
simple normal faulting. Although elsewhere no Newer Dolerites 
have been seen to penetrate the base of the Kolhans, here dykes 
have ascended the faults and spread along the bedding as sills, 
indurating the adjacent shales. The question is — are these shales 
and sandstones to be grouped as Kolhan, or are they older ? The 
boundaries are largely faulted, but wherever the basal sandstone- 
conglomerate can be seen it appears to rest directly on the granite 
and there is no evidence of intrusion. The western side of the 
faulted area is bounded by typical fme-bedded horizontal Kolhan 
purple sandstone, and the basal conglomerate of the disturbed 
area joins up with it. The curious feature is the sudden remark- 
able change in lithology of this basal bed in the disturbed area. 
Instead of being a fine-banded purple sandstone, it is either a con- 
glomerate or a massive bedded white or brown sandstone which, 
further cast, becomes an arkose of great thickness. 

Around Chaibasa is another anomalous area. Immediately to 
the west of the town and overlying altered lava-schist, granite 

and phyllito, there is a group of rocks consisting of fine sandstone, 

dolomite and shale wliich, lithologically, are utterly different from the 
adjacent undoubted Kolhan rocks. The nearest Kolhan basal purple 
sandstone is only 400 yards away, but the sandstone under discussion 
has none of that typical colour which had been so characteristic 

for at least 25 miles. Further north, there is an arkose which 

grades to a sericite-quartz-schist exactly similar to sericite-quartz- 
schist inclusions in the granite. The calcareous rock, which over- 
lies a 2-foot bed of sandstone to the west of Chaibasa, is also 
entirely different from the Kolhan limestone only ^-mile to the 
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south which had retained the same character for 25 miles. The 
dolomite here is a fine dark grey massive rock possessing none of 
the fine phyllitic bedding so characteristic of the Kolhan lime- 
stone. Fine-bedded sandstones and shales overlie this dolomite, 
whereas no sandstones have been observed to overlie the Kolhan 
limestones to the south. The same dolomite crops out just to the north 
of Chaibasa at Pntada springs. An analysis of this dolomite is given in 
Table 2, along with one of the Kolhan limestone to indicate the wide 
difference in composition. It would appear that they are entirely 
different rocks and should not be correlated. None of the analyses 
of Kolhan limestone yet made has shown a high MgO content. 
Into this group, north and west of Chaibasa, Newer Doleritc 
dykes also intrude. 

Tablk 2. 


— 

54/304 

S. of liasakuti. 

54/5 lU 

J’uluda N|iringB. 

SiO, . 




22- 10 

2*50 

Al,(), 




8*51 

vm 

Pe.O, 




0-39 

0-24 

CaO . 




35-80 

3209 

Mf!() . . . 




0-72 

15}m 

Na,0 




]-34 

0 SH 

KjO . 




0-32 

0 !;t 

MnO . 




0-84 

Trace, 

Lobs oa ignition 




30-13 

45-52 



Total 

• 

JOO-15 

{>9-58 



Sp. gr. 


l’-76 

2-88 


Analyst^ — R. ))utta Roy 


Stratigraphically the group west of Chaibasa occuj)ics the same 
position with respect to the undcrl 3 ang lava-schist as docs the 
Kolhan Series. However, in view of the remarkable sudden change 
in lithology, the beds under discussion cannot lie correlated as 
Kolhan without reservation, and are, probably pait of the Iron- 
ore Series. It suggests that the Kolhan Scries does not continue 
north of Chaibasa, and is faulted on it western side, south-west of 
the town. 
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VI. THE NEWER DOLS^TE. 

The Newer Dolerite dykes have been described by several authors^, 
and further detail is unnecessary here. Although the dolerite is 
normally unaltered, I have noticed instances in South Siughbhum 
where it shows a certain amount of recrystallisation, presumably 
under pressure. The dyke-sills to the south of Nurda ( 22 ^ 20', 
85® 44') are in part altered to epidiorite. Such metamorphism of 
the Newer Dolerite is prevalent in Dhalbhum. The age of the 
Newer Dolerite dykes remains debateable. They have not, as 3ret, 
been found to intrude into the main basin of the Kolhan Series, 
where recently re-surveyed. Although intruded into the areas of 
anomalous sandstones and shales, described in section V, it is quite 
probable that these latter are not of the Kolhan Series, but belong 
to the Iron-ore Series. Hence there is no certainity whether the 
dolerites are pre-Kolhan or post-Kolhan. The continuation of the sur- 
vey of the Kolhan basin to the west will decide this. In the past I have 
suggested that the Newer Dolerites may be Cuddapah, but I no 
longer have any opinions on the matter as the main reason on which 
I based the suggestion — d^ree of metamorphism — 1 l>eiie\'e is no 
longer valid. My later experience on Gondwana rocks within these 
granitic areas of Bihar, has convinced me that in post-Gondwana 
times there have been earth movements of a severity which would 
readily convert the dolerites into epidiorites. There is no evidence 
on which to date them. Their relation to tht' granite is similar 
to the relation of the post-Gondwana dykes of the coalfields and 
Central Provinces to their associated granites, and one is tempted 
to view favourably the possibility that these Newer Dolerites could 
also be post-Gondwana. 


^ J. A. Donn, Mem, Oeol. Surv. Ind,, LIV, (1929). 

H. C. Jo&es, Mem, Oeol, Surv, Ind.^ LXIII, (2), (1934). 

If. 8. Kriihnan, Sec, Oeol, Surv, Ind,^ 71 (1), pp. 105-120, (1936). 
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VII. QUARTZ VEINS. 

There has be«i a tendency in the past to associate most of the 
quartz veins in Singhbhum with the Singhbhum granite. These 
veins have been formed, however, at several diflerent periods; 

Hie occurrence of quartz pebbles in the conglomerate which is 
interbedded with lava and tofi to the north-east of the Noamundi 
mine ridge indicates the occurrence of quartz veins in a scries of 
rooks older than the Iron-ore >Series, but not at present known in 
South Singhbhum. 

The quartz veins in the Iron-ore Series which have given rise 
to pebbles in the adjacent Eolhan conglomerate are probably 
reia^ mainly to the Singhbhum granite. 

Quartz veins occur in the Kolhan sandstone-conglomerate and 
in the limestone, whilst, in places, the Eolhan phylhtio shales are 
swarming with veins and irregular replacement masses of quartz. 
They are, of course, much later in age than the veins associated 
with the Singhbhum granite, but there can be no certainty that 
they are related to the quartz veins which penetrate the Newer 
Dolerite dykes. No quartz veins have been found in the ?Ter- 
tiazy grit. 
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VIII. ITBRTIARY GRIT. 

The age of a certain grit which occurs in this area is unknown. 
It can only he said that it is much later than the Kolhan Series. 
From its friable and porous nature, with incomplete cementing of 
the quartz grains, one may suggest that its age is not great. 

This rock is not now very widespread, as it has been almost 
completely denuded. Wherever bedding can be detected, it is 
horizontal. The wide^ outcrops occur on the ridge-tops south* 

east of Gundijora (22® IT, 85° 30'), resting on gently dipping Kolhan 
shales. Other small outcrops overlying Kolhan shales occur at 
the west end of Gundijora village and half a mile to the south, 
and also on Halmad Bum (22° 13', 85° 28'). A small patch over- 
lies banded-hematite-quartzite to the east of Noamundi village, 

and, north of the workings on Noamundi western ridge, a little of 
the grit is associated with laterite. Finally, some debris of this 
rock was found overlying the granite and lava area to the north- 
west of Padampur (22° 07', 85° 38'). Many of the sandstone 

outcrops in the Kolhan basin to the north, beyond the limits of 
the portion re-surveyed, are probably to be correlated with this 
grit. 

The rock is always dark brown in colour and is made up mainly 
of sharply angular quartz grains, some of them showing crystal 

faces, in a fermginous cement. It sometimes contains small pebbles 
of altered lava, jasper, iron-ore and quartz. In places it is a 
fine-grained rock mth quartz grains less than 1 mm. diameter, 
but usually the grains average about 2 to 3 mm. diameter. Under 
the microscope the FcgOj coating around the quartz grains is seen 
to incompletely fill the pore spaces, leaving open interstices. 'The 
rock is always readily distinguishable from the other sandstones 
and quartzites in this area. 


F 
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IX. CANOA. 

The oonvenient name eattga is applied to a more or less recent 
deposit, consisting of all kinds of water worn and angular boulders in a 
hard ferruginous matrix which is usually lateritic. Sometimes, 
adjacent to the main ore bodies, as on Noamnndi west ridge, it 
may consist entirely of iron-ore boulders in a limonitic matrix, 
and is then mined as ore. On Noamundi west ridge the canga 
capping is well exposed in some cli&, with deep caves at the base 
of the canga. 

Canga may occur at various levels. Usually it is found along 
the river banks, sometimes just above the level of the stream, 
at others up to more than 20 feet above the stream. CM sec- 
tions of this canga are almost continuously exposed along parts 
of the Karo river. This close relation to stream banks indicates 
that it is essentially a river deposit, and its occurrence at different 
levels is in consequence of renewed stream activity. Quite fre- 
quently the canga deposits along the stream banks are undercut 
by the current. It is not suggested that all of this material is 
of the same age, some along the Karo river just above water level 
is very recent, but other deposits, such as that on the top of Noa- 
mundi west ridge, may be much older. 

Canga should not be confused with the loose ” float ore ” or 
hill debris which covers all of these hill sides. However, where 
this “ float ” is consolidated with laterite there is, perhaps, a grada- 
tion to canga. 
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X. LATERim 

Laterite is widespread over rocks of the Iron-ore Series, espec- 
ially south of the line connecting Noamundi, Jamda, Bokna and 
Qua. North of this line, rejuvenation of stream activity has removed 
most of the laterite which was at one time present there, 
except from some of the hill-tops. To the south, however, such 
rejuvenation of denudation is not as yet so acute, and laterite 
commonly covers the hill slopes from hill-tops to valley bottoms. 
In consequence of this, although outcrops of the underlying rocks 
are so well exposed to the north they are often deficient to the 
south, where there may be not the slightest clue to what is below 
the surface cover in many places. 

The laterite is commonly mangaoiferous in the zones already 
described, pages 333-331, the manganese being derived from the rocks 
below. The greater part of the manganese-ore worked in Singhbhum and 
adjacent Keonjhar and Bonai is of lateritic origin, and overlies 
rocks of the Iron-ore Series. There are, of course, deposits of 
manganese in the Kolhan Series, such as those within six miles of 
Ohaibasa, and also on the northern edge of the small plateau south 
of Baljori (22® 17', 85® 45') where lateritic manganese is found to overly 
shales of the Kolhan Series. 

Laterite is more particularly widespread over the ferruginous 
rocks of the Iron-ore Series. Sometimes iron-ore grades to lateritic 
ore, which may be found not only at the surface, but also in patches 
at a little depth within the ore-body, depending presumably on 
drainage of surface waters. 

It has been suggested to me that a “ ropy ” structure in laterite 
over lava indicates presumably a ropy structure of the original 
lava. Sucli “ ropy ’’ structure is found occasionally, however, in 
laterite overlying any rock and has no relation to rock structure. 

1 The title to Plate 6 acoompanying the ^per by Perdval and Spencer, “ Conglo- 
merates and lavas in the Singhbhum — Orissa Iron-ore Series**, Trans. Min. Oeol. Met. 
Ind. India, 35 (4). pp. 341-363, (1940), is incorrect. It should read ** Limonite, simulat- 
ing the form of ropy lava.** Ihe specimen was kindly sent to the Geological Survey by 
Dr. Spencer. 
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XI. RBCBNT UPLIFT. 

This hill fegiotl of the Kolhsti and adjacent Keonjhar may 
be regarded as a southern extension of the Ranchi plateau, but which 
has, however, been subjected to considerable recent denudation. 
There are signs everywhere north of Jamda of recent rejuvenation 
of stream activity, whereas, south of Jamda, there are wide areas 
of relatively shallow valleys in which the streams are still run- 
ning in alluvium and even laterite. The most abrupt change in 
stream activity is to be noted along the eastern edge of the banded 
hematite-quartjdte hills extending south from Noamundi mine. Here, 
the steep easterly drainage is just beginning to rapidly remove the 
smrface cover of deep alluvium in the saddles between the ridges. 
An excellent example of this is in the valley south-east of Banspani 
Pahar (22** 00', 86° 27'), where a tributary stream to the Baitarani 
river is rapidly removing the thick soil cover, even exposing the 
roots of trees to a depth of several feet. This rapid removal of 
surface soil is not a result of deforestation, but is due to the rapid 
cuttmg back of the stream headwaters. Such rejuvenation is 
attributed to comparatively recent uplift, with differential move- 
men! along the eastern side of the iron-ore area. 
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XII. FUTURE MAPPING. 

The main theme of this note has been the separation of the 
newer group, the Kolhan Series, from the Iron-ore Series. In 
consequence of this separation it is apparent that, if the whole 
area is to be mapped stratigraphically, it requires re-surveying. 
Within the main basin of the Kolhan Series there has been no 
difficulty in separating the two series, because the basal sandstone- 
conglomerate has provided such a well-defined datum, and where- 
ever it is absent on the eastern side of the basement the under- 
lying rocks are lithologically different from the Kolhan shales. 
However, on the western side of the basin, phyllites of the two 
series are similar and strike more or less parallel so that should 
the intervening basal sandstone thin out, or be removed by fault- 
ing, I doubt whether it would be posvsible to distinguish a boundary 
between the phyllites of the two series. Such difficulties have 
already been noted in the outliers of Kolhan rocks west of Jamda 
and south of Gua. Other difficulties would appear in this close- 
folded area should sandstone-quartzites make their appearance ac- 
tually interbedded with the Iron-ore Series phyllites — ^possibilities 
of the anomalies which might arise have already been pointed out 
in describing the rocks north of Hat Gamaria and around Chaibasa. 

Wherever difficulties or doubts in interpretation may arise in 
mapping these rocks further north, the sections between Jagan- 
nathpur and Jamda should always be kept in mind. We have 
been fortunate in having such clear exposures of this unconformity 
in a part of the Kolhan rocks which is relatively undisturbed, and 
in being able to follow the imconformity into areas of severe folding. 
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FIG. KOLHAN BASAL SANDSTONE OVERLYING GRANITE AND HYBRIDS. 
PEBBLE BED AT CONTACT. RAILWAY-CUTTING, CHAIBASA. 
LOOKING WEST. 
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G. S /. Calcutta. 


FIG. 2. KOLHAN PURPLE SANDSTONE OVERLYING IRON-ORE SERIES 
SCHISTS AND HYBRIDS. CHAIBASA CUTTING. 
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FIG. 1. KOLHAN BASAL SANDSTONE OVERLYING TRUNCATED SCHISTS 
AND GRANITE. CHAIBASA RAILWAY-CUTTING. LOOKING EAST. 







GEOLOGICAL SURVEY OF INDIA, 


Memoirs, Vol. LXIII, PI. 36. 



FIG 1 KOLHAN CONGLOMERATE OVER “MOHUDI SHALES*’. 
RAILWAY-CUTTING NORTH OF NOaMUNDI MINE. 
LOOKING NORTH-EAST. 



c/ A Duun. Photos G. S I. Calcutta. 

FIG 2. KOLHAN SANDSTONE AND CONGLOMERATE OVERLYING 
IRON-ORE SERIES PHYLLITES. RAILWAY-CUTTING NORTH 
OF NOAMUNDI VILLAGE. LOOKING NORTH-EAST. 
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FIG 1 KOLHAN SANDSTONE AND CONGLOMERATE OVERLYING IRON ORE 
SERIES PHYLLITE RAILWAY CUTTING NORTH OF NOAMUNDI MINE 
LOOKING SOUTH EAST 
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FIG 2 CONGLOMERATIC IRON-ORE OVERLYING IRON-ORE SERIES CLAY 
AFTER LAVA JHILIN6 BURU LOOKING NORTH 
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